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Jommo_

volumo zIz of the "Shuttle Filter Study u Final Jo_o_t contains Cast data obtained fx:om fl_e

'resistance and conta_Lnant toloranoe toots on the various porous Ndta eValUated in the d£f-

feront fluids. The data are pzesontsd In both graphical and tabula_ rams.

Test procm_ce8 for both flc_ resistance and contaminant. tolerance testing are presented,

and the development of, a sysCea tom con_nuously adding contaminant at a predetermined =ate

to a £1o_ng fluld scream is 4eso=tbod.

Alas lnaluded in _Ls volume is a section describing the develolzuent effort of the self-

4ndex£ng filter. This concept was adapted during this program for various Shuttle applica-

t_iLon8 •
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YABI_ B-1

CO._I'A._H:,:ANTT_I,E",_._;CE OF 80 x 700 TDD_'/

I)elonzied ,_;acer a 77 - 82"Fp Contaminant: At.Fine Dust

I i i i ii ii =

Flow/Unit Area

Spn/In 2

-.._,

0,126

i

|

0.316

2.21

6.57

Add
Si ze,

0
3O
3O
3O
3O
3O
3O
30
3O

0
3O
3O
3O
3G
3O

0
10
1G
10
10
10
10
10
i0
10
10
10

0
20
2O
2O
2O
2O

0
10
I0
10
10
10
10
10
10
10
10

ACCU_,

Add,
rig.

.

3O
6O
9O

• 120
1S0
180
:I0 •
24O

0
3O
6O
90

120
150

0
10
2O
3O
4O
SO
6O
7O
80
9O

100
I10

0
20
40
60
80

I00

ACCUn,

Add_
mg/in-

0
18.9
37.9
36.$
7S.8

Net. _P, psid

Sample Number'-

1 2

0.04
0.06
0.10
0.27
0.90

94.7
114
133
152

0
15.9
37.9
56 .S
75.S
94.7

i

0
6.3

12.6
18.9
2S.3
31.6
37.9
44.2
SO.S
56.8
63.1
65.4

0
12.6
25.3
37.9
SO.S
63,1

2.6
8.8

42
109

O.OS
0.09
0.25

1.5
23

125
i

0.82
0.92
1.12
1.31
1.59
2.10
2.95
4,75

3.3
15.5

49
127

0.83
1.08
I ,58
2.7_
6.65

30

O.OS
0.04
O.OS
0.26
0,89
2.32
8.4

44
'104

0.02
0.09
0.44
5.33

71

0 0
1_ 6.3
20 12.6
30 15.9
40 2S.3
50 31.6
O0 37.9
70 44.2
80 SO.5
90 S_.8

10o 63.1

S.O
6.0
6.5
7,0
$.0

10,0
1.1.3
1S.O
:2.5
33.5
63.0

5,0
5.3
6.5
7,0
8.5
9,5

1._.0
10.0
21,_
33,0
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T_E B-2

CONTA"ISA._T TOLILRASCE O? 165 x 1400 TDDI:
i i i iL i pll

Deionized iCa_er '3 7S - SS'F, Contaminant: AC Fine Dust
-- i i Wl Ill

Flow/Unit A=ea

•gpn/fn 2

0.1Z6

0.316

2.21

Add

Size,
mg.

6,57

i

0
20
20
20
20

ACCU_.

Add,
mg.,

i

_

30
30
30
30

.0
20
40
60
80

0
30
60
90

120

O,

I0
10
10
10
10

0
5
5
S
5
5
5
5
5
5

0
10
10
10
10

0

i i

0
I0
20

30
40
50
60
i i

0
5

I0
15
20
25
3O
35
40
45

0
I0
20
30
40

0
5

I0
15
20
25
30

A¢ CUI_.

Add,
rag/in2

i

0
1Z.6
25.3
37.9
50.5

0
18.9
37.9
56.8
75.8
ii

0
6.3

12.6
18.9
25.3
31.6
37.9

0
3.2
6.3
9.5

12.6
15.8
18.9
22.1
25.3
28.4

0
6.3

12.6
18.9
25.3

0
3.2
6.3
9.5

12.6
15.S
18.9

Net _Pp psid
, i i m i

Sample ?;umber

1
mm

0.07
0.19
2.92

35
73

0.07
0.29

8.2
72

122

0.08
0.15
0.32
0.94

5.2
23
98

2

0.11
0,19
0.35
1,11

5.5
33
98

1.07
1.38
1.97
2.5
3.9
6.3

lO.S
21.5
48.5

116.5

1,30 1"
2.05
3.80
9.60

46

--.-s 7.o
$.5 8.5

19.0 i0.5
12.5 13.5
15.5 19,0
24.5 _8.5
41.0 51.5

"4K
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TABLE B-3

• ", ," v_" _ "' " 32 7300 TDDNCONTA:.I.,A:._ T'3LE:_._CE OF S x
m_ i • q, J ii

Delonized ::ater 3 78 - S6°F_ Conta-.inant: AC Fine Dust

Flow/Unit Area

gpm/in 2

"it'l ' ! J, i I' "m T_ i

0.126

0.516

2.21

6.57

11 i

Add

Si:e,

, ,i,

0
I0
10
10
10
iC,
10
10

0
5
5
5
5
5
5

0
4
4
3
3
3
4

0
4
4
4
4
4
4

0
3
3
3

Hi I i =-

Net App psid

ACCU_.

Add,
rig.

Accu_.

Add,,
mg/in"

0
10
20
30
4O
50
60
70

0
5

i0
15
20
25
30

0
4
$

11
14'
17
21

0

8
12
16
20
24

0
3
6
9

12

0
6.3

12.6
18.9
25.3
31.6
37.9
44.2

0
3.16
6.31
9.47

12.63
15.78
18.94

0
2.5
5.1
6.9
8.8

10.7
13.3

0
2,5

5.1
7.6

10.1
12.6
15.2

0
1.89
3.79
5.03
7.5S

Sample :;umber
i i

1 I 2
in

0.20
0.50
0.84
8.62

27
45
73

• 4m

0.37
0.69
1.14
2.84

12
46

102

2.95
3.95
5.95
8.75
14.5
24.0
49.5

3 .'15
4.60
6.85

12
22
47
97

14.5
19.0
25.0
40.5
65.5

i[

0.20
0.36
1.77
3.92

!2
36
70
92

i

0.30
0.64
1.15
3.0
14
50

129

13.0
17.5
25.0
37.0
63.0

i •

, i
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•. . TABr,,En-4

CO_11_A_ CAPACITY OF 30 x 250 TWILLED DUTCH DOUBLE _EA_ HIRE CLOTH

_luid: Deloni:ed Water; Type Contaminant: A¢ Cozrse Dust"

Colttlrlin&n_

_,dd ._ccum, Accum, Time ,_et:
$Lze A_ds Ad_s_ Int. ._P Temp.

0 0
31.7 20

31.7 63,4 40
" 9S.1 60

126.8 S0
------158.5 100

174.3 110
190.1 120

1S.8 205,9 130
221.7 140
237.S 1S0

iO 0
31.7 20
63.4 40

31.* 95.1 60
126.8 _0
158.5 100
190.2 120

----- "221.9 140
237.7 1SO

i_.8 253.3 160
:69;4 170

63.4 0
53.4
126.8

15.8:37.7
253.5
269.3
28s.1
300.9

3.4

:-_:-'-t _ "1.'
_S,$ 1"_7":
/:s3.J

7.9 Io;:..
|2,%.]

2 10.5 6.63

Z 3.$ 2,21

Snple .Number

2 3

P Temp.
Ps_d *F

m_

5,40 _2 _,60 77
$,gs _).00
6,70 6.80
7,82 75 7.94 80
9.S5 9.7S
12,2_ 76 12.'87 82.5
14.52 1S.27
17,6, _ 19.00
Z2.30 77 24.82 85
29.40 34.42
42.50 ';'8 50.28

0.71 75 10.81 75
0.83 0.8S
O.99 0.99
1,15 1.19
1.44 75 1.53 75
2.03 2.0S
3.52 3.2.8
8.85 7.05

12.30
32.0_ 26.32
87,30 75 60.60 ,_

0
40
8O
120
1_0
150
100
170
180
190

0
40
80
120
140

, lO0

; 170
175
180

2 0.22

2 0.46

0,136 0.01 79 0.01 78.5
0.01 0.01
0.02 0.02
0.27 0.11
1.90 0.72
1,95 2.70
6.93 8.85
14.23 19.37
22.66 35.34
31.90 79 48.48 78.5

0.289 0.12 73.5 0.11 75
0.14 0.14
0.17 O.IT
0.32 0.3_
l,OS 1.40
_.84 4.8:
17.3_ 15.57
33'.73 3_.43
41.73 4S.05
50,35 74 57._0 75.5

AVg• I
No_ Avg,

Ps_d oc

5.53 T4.5
s.gs
6.75
7.88 77.5
9.65
12.S_ :9.2
14.9
i18.3

23.6 81.0
31.9
46.4

0.76 75
0.84
0.99
1.17
1.49 75
2.04
3.40
7.95
12.3
29.2
74.0 75

0.01 78,8

0.01
0.02
0.19
1.31
2,33
7.89
16.80
29.00
40.19 75.8

0.12 17_.3
0.14
0.17
0,34
il.23
13.83
16..;_
35.0_
44,_. _

S3.gb .'4.S

38

_,,mmmmemmm

l
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TABLE B-5

O%_-l.XqiN.,,.\_fTOLERA.\CEOF 3O x 370 8 4O x 5S0 TDD_¢

Fluid: Deioni:ed tCster0 78 - 87°F
Contaminnnt: AC Coarse Dust

Flow Rate Per t_it: 2.21 Epm]in2

l } me+ psid .]
I I Accum Acct_n +m_ple Nu_+er{_.Ty'peof Add } Add,

{Screen Size, ! Add,rag. rag. mg/inZ I 2

40 x 550

TDI_N

0
60
60
60
60
60
60

0
23.8
23.8
23.8
23.8
23.8
23.8
23.8
23.8
15.8

0
60
120
180
240
300
360

0
23.8
47.6
71.4
95.2
119.0
142.8
166.6
190.4
206.2

0
37.9
75.8
113.6
151.5
189.9
227.3

0
15
30
45
60
75
90
I05
120

130

0.46 0.48
0.59 0.64
0.79 0.89
1.28 1.55
2.91 3.76
10.5 12.5
177+ 80.5

._mp.m.--- --

0.36 0.46
0.51 0.54
0.62 0.64
0.86 0.79

- 1.06

1.S4 1.56
3.66 2.76
12 7.4
71 31.5
.- 97

39

I

I
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TABLE B-8

CONTAMIN_IT TOLERANCE OF 200 X 1400 TDDW WIRE CLOTH

Fluid: Delonlzed Water
Contaminant: AC Coarse Dust

.I_ ......Con:amlnan_ ........... _low Ra:_
Grade of Temp. Accum AddsiAccum A_ds gpm/in _

Screen , UF _ 1 mE. ! mg/in=
i i

71

71

200 x 1400 72

i
l
I
!

73

0
50
65
80
95

ii0,
125.
140

i

0
20
_0
60"
70
80

i

0
10
20
30
40
45
50

0
5

10
15
20
23
26

0
31.57
41.04
50.51
59.97
69.44
78.91
88.38

0.2 0.126

z I
_°l i

0.00
12.63
25.25
37.88
44.19
50.51

|

0.00
6.31
12.63
18.94
25.25
28.41
31.57

0.00

3.16
6.31
9.47

12,63
14.52
16.41

0.458 0.289

3.5 2.21

10.4 6.57

Net _P
psld

!

o.I15
4.1
9.5

16.8
25,_
31.0
37.5
44.2

0.29
0.64
3.7
13.7
24°.9
141.9 .

2.14
3.56
6.76

13.6
30.8
44.3
63.3

I0.0
13.0
16.8
22.5
31.3
39.8
49.3

I





TKBr_ B-10

CONtAmINANT CAPACITY OF 450 X 2759 TDDlf

Fluid: DelonL:ed l_ater

Contaminant: AC Coarse Dust

CLOTH

Flow
Rate,
8Pm

IO.S

7.0

3.s

0.458

0.215

Temp gp_/"
*F in _

78
78
78
79
8O

80
79
79
79
8O
8O
80

82
81
81
81
81
81
81
80
80
80
80

69
69
69
"69
69
69

68
68
68
68
68
68
68
68
68

6,63

4.42

2.21

0.289

!
i

0,136

A¢ ¢u_ •
• Adds

mg
ii

0
3
6
9

12

0
3
6
9

12
15
18

0
3
6
9

12
15
18
21
24
27
30

0
8

16
24
32
40

0
8

16
24
32

" 40
48
56
64

Accum. Net
Adds, GP,

rag/1n2 ps id

0
1.89
3.79
5.68
7.58

0
1.89
3.79
5.68
7.58
9.47
11.4

0
1.89
3.79
5.68
7.58
9.47
11.4
13.3
15.2
17.0
18.9

0
5.1

10.1
15.2
20.2
25.3

0
5.1

10.1
15.2
20.2
25.3
30.3
35.4
40.4

21.5
27.5

35
47
65

10
13
17
22
30
40
55

4.2
5.0
6.5
8.3

10.6
14
19
26
36
49
65

0.81
1.95
5.01
11.9
27.8
58.8

0.27
0.54
0.95
1.65
3.18
6.65
12,9
26.0
45.0
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0
50

100

190
200

71

;0

(o
70
60
iO

:00

!

70

!

0
_0

150
2:0
220
l:,O
260
280
300
320
3_0

0
5o

100
1_o

152

0
30
60
75
90

105
).10

o
30
6O
_o

120
150

7._ 180
210

:_70
._oo
33O

0
20
_0
60

73 80
90

100
110

0
10
20

r3

1 '°
60
,_0
80
9O

!

=C/z," i C;=

0
31.57
63.13
9_.70

i26.26
;.38.89
:51.52 0.2
16_.12
176.79

t02.03
21_.63 :

t
0

31.57 i63.13
75.76 13.5
88.38
35.36 !

ol

18.91 L37.88
_7.35 O.q

37.88 I

75.76
9_.70

'13.6_ o.2
132.5e
151.52
170._5
189.u0 !
=08.33 :

• 0 '
1_.6. _
_5. 2_- i
17.._f
lo._: i 3.5

63.13

72.60

.¢
6

18.9_.

31_57
37.05

50,51
_f_.e2

aim

i ¢'03_;
t 0.05 _

o. 37.=, ,
;.90
_.tB

'..3. O.q
O. "--"6 1_.98

22.5S
2?. k8

13_.98
36.98
_3.2_

0.18
, 0.71

2,21 116.06
_28.06
:_2.2_

i7: 
.]ii

6.57 , _6
1_.1.5
_28.1
;393

i

I

!

i

I c.1,_
c .16

I ¢._5
,;,q8
1.20
i ,ZS

O.Z2'_ ! _,_
11 .1_

I _._,.98
! _(.08_1 .kS

I 0.3_
• :,01

*r 1C

_,.7 _,
, -', .7 _

i H | * "-----.- .

C._

_._

_.3 I

_..c) I_..a
_'"r""3 t
3:,3
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3.5 2._1 ;:

50

C._ES 0.2S9

3.5 2.21

73

d-+

:20.._3

37. +

_.,_
6.'I. :3

• |

O
•..S.._

._7._ !_6.'2 6
75.:6 7
_;.?= ).3

;.32.58 :7.9

1_9.3_ ! 32.9 !

238.33 t _0.2
;2?.27 i ;,5.9 ,

O : 0.02

_2.07 i 0.52 ;
123.11 ! 0.92 !

205._8 ;2.0
2_6.21 i 2.
;_7.25 ; 3.8
328.ae .5.0
369.32 _.7 73
_+1o.35 ', 8.6

' 10.5
,_92.+;2 12.7
533._ ; +.9
.r?++.50 ' L7

...... 3 L.3
656.57 : 23.7
697.60 1 27.2
738.6£+ ' 3o.1
779.67 33.7
8;P0.71 36.7
_;?.. 7_+ _).8
902.78 ! 2.3

i
O I 0.19

18.94, ! O, 29
37. I_ : O. _9

5G.S2 i 1.175.75 .2,8
_.To : 9.8

113.61+ 6.8
_19.95 ; 1.8i

0 0.03
_ .o_+ 0.1
e,_.c7 +..7_
123.11 7.1
",,"2.:5 0.9
1_o.3_ 5,3
!79._2 9. ++
198._ +< t3.6
217,,_0 17,7
236.71.1 t2.2

_7£1.:_: rl.)

0 I._1
_3.:3 ;.¢?

_.2._3 _.7
J;5,'._ ;,1
_,""..79 r.(+
u_l.9_ tO.5
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TABLE B-19

CO._:TA$.II,!;,:;TTOLE.".A:'CEOF TDD:'.'t'Si._;GETH','LE.'IEGLYCOL AND WATE_R_

(35S/65S by Welgnt)

Con_amlnan_: AC Coarse Dus_

o I

• o o o 0.3

165 x I_0o
TDDW

0.,58

• 3.5

I
!

; o.289

2.21

0.20 0.126

325 x 230¢

9._7
18.9_
28.,1
37.88
,7.35
56.82
63.13
69.""
75.76

0
9._7
18.9_
28.4!
31.57
3".72
37.88

0
9._7
18.9"
28."1
37.88
,7.35
56.82
63.13

0
6.31
12.63

15 15
15 30
15 "5
]5 60
15 75
15 90
I0 LO0
I0 L10
i0 L20

0 0
15 15
15 30
!5 "5
5 50
5 55
5 60

o o
15 15
15 30
15 "5
15 60
15 75
15 90
10 100

0
10

i0 ! 20

10
10
10
10 !

°i5
5
5

5
5

13
I

30 18.9"
,0 25.25

50 31.57
60 37.88

0 0
5 3.16
_0 6.31
15 9."7

20 12.63
25 15.78

0

1.89
2.53
3.8

5.05

0."
0.95
2.01
_.i

8.15 75
17.15
27.0
_2.1
60.5

2.12
3.5"
7.12

18.22 73
26.92
38.72

58.72 ____.__

o.,o
0._0
2.3'

1_ .I0 67

25.3
38.
50._

J

0._5 ,
1.05
2.60
7.15
16.3 67
32.0"
56.0

i ,,

7.85
11.50 ,
17.15
25.85 69

39.75
6O.75

28.9
35.9
38.9, 72
_ .9
5_.9
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TABI£ B26

CON"I'.;W.',IIX._.\"I"TOLE.I_kNCF.OF 325 x 2300 TPff.':
• ; , ,I,J

'1'enperht*ure:78°F ''
• Flow Rm:e: Noted

1:1c_¢

Rate

_pra

10.4

3.5

Flow

Rate

gpm/in2

6.56

i

2.2

I Add

I Size,
mg

0

30
30

3O

30
15

15

15

0
6
6

6
6
6

30
30
30
30

30
30
30
60

60
60

120
120
120

60

60
60

ACCUm

j Add.,
mg

0

30

60

90

120

135

150

165

_CLml

Add,

rag/in2

0

18.9
37.9

56.8
75.8
85 "¢&J

94.7

104.2

_ ,t , , '

0
6

12

18
24
30
60

90
120
150
180

210
240
300
360

420
540
660
78n
840
900

960

0

3.79
7.58

11.4

15.2

18.9

37.9
56.8

75.8

94.7

113.6

132.6

151.5

189.4

227.3

265.2
340.9

416.7

492.4
530.3

5O8.2

b06.1

I
I

Net _P :

PSI [

i

I

13.1

16.6

22.6
26.1
33.6

37.6
42.6
48.1

3.2
3.5
3.6
3.7

4.1
4.4
4.9

5.7
6.8
7.o
9.0

II .0

12.0
13.0

15.0

1S.a

17.0
18.5

34.0

38.0

43.5

49.5

- t

t



TABLE B- 27

CONT_IIRANT TOLEranCE OF 325 X 2300 TWILLED

DUTCH DOUBLE h'EAVE _fIRE CLOTH

Fluid: Deionized h'ater

Temperature: 700F

Contaminant: I';STF Dust (310-FTP)

Time Interval: 2 Hinutes Between Adds

Flow: 3.5 gpm

Flow/Unit Area: 2.2 gpm/in 2

System Tare: 0.83 psld

Screen Area: 1.584 in 2

I Add : Accum I Accum

Size Add I AddI =g. : mg. mg/in 2
t

0

2.5

2.5

2.5

2.5

2.5

2.5

2,5

0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

2.5 1 20.0

i

2.5 22.5

2.5

2.5

5.0

5.0

0

1.6

5.2

4.7

6.3

7.9

9.5

11.0

12.6

14.2

25.0 15.8

27.5 17.4

32.5 i 20.5

37.5 I 23.7

Net
AP

psld

3.77

3.97

4.02

4.07

4.17

4.27

4.32

4.37
)

I 4.47
I
t

4.52

4.57 ,

!4.62
[

4.87
l
I

! 5.02

Add ! Accum I Accum

Size ) Add , Add ^

mg. I mg. : ms/in L

10.0 47.5

10.0 57.5

10.0 67.5

20.0 87.5

20.0 107.5

20.0 127.5

30.0 157.5

30.0 187.5

50.0 237.5

50.0 287.5

50.0 337.5
!

50.0 ] 387.5
)

50.0 437.5
I

30.0

36.3

42.6

55.2

67.9

80.5

99.4

118.4

149.9

181t5

213.1

244.6

i 276.2

Net
GP ,

psid ,
, .._.

5.37

5077

6,37

7,07

8.27
!

9.17

11.17'
¢

14.67

19.67

2'6.37

34.67

43.67

54.17

61
i

(

! , I

•. - . " . .... --; ,. ,': .- , ' . ." .. ,'
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Table. B-29

I_OW RF.S$STA._CF. (1F PLAIN TOTCII ST._GLF. kFAVE WIRE CLOTH

Flvtd: O, Lant:ed water

30 z 160

IO z 400

2.0
3.0
4.0
S.5
?.0
g.O

11.0

2.0
3.0
4.0
3.3
7.0
9.0

11.0

155 x 800

0,64
0,9|
1.26
1.gl
2.32
3.14
3,78
4.40
S,04
S.69
6.30
6,g$

0.70 0.89
1.00 1.26

,OX ! .038,02 ,0S8
.03 .083
.06 i .165
,09 i ,2_
,14 ,34
.18 ] .4|

,24 ! ,63,30 ,7S
r .37 I .S$
, ,4S J 2,10

,S3 ! 1.33

(
0.045 0.135

0.0" ! 0.1S

0.16 0.37
0.29 O.SS

0.44 0.87
0.70 ; 1.29

; 1.00 , 1.79
!

10.045 0.21S

: 0.09 0.37
0.16 O.SO
0.29 0.80
0.44 ; 1.14
0.70 1.67

1.00 i 2.24

3.86 0.36
i) S,72 0.56

l, ?+S? 0.74
+ 11.36 1,11
il 1$,14 .1.48
'! 18.93 1.63

68 ;: 22.71 ,2.22
II 25.50 z.sg

30.28 2.96
34.07 '3.33
37,85 3.70
41_64 i4.07

63

7.57 0.74
11.4 1.11
1S.1 1.48
20.8 2.04
:6.5 :.Sg
34.1 3.33
41.6 4.07

7.57 T0.7411.4 1.11

15.1 i 1.48

:0.8 2.04
26.5 2.59
34.1 3.33

41.6 . 4.07

7.57
11.4
15.1

66

0.0007
0.0014
0.0021
0.0042
0+0063
0.010
0.013
0.017
0.021
0.026
0.032
0,037

0.003
n.O06
0.011
0,020
0.031
0.04_
0.070

0.003!
0.006
0.011
0.020

.031'

t o.oTol

0.003 l
0.004 :
0.006 .

0.012
0.018
0.024
0.034 20,0

0,044
0.053
0.067
0.077
0.093

0.009
0.018

0.026
0.041 18.3
0.061

0.126

0"015 I

0.026 I

0.035 I
0.056 18.9
0.080

0.117 1
0.137 l

0.014 I
0.024

0.03_ (

7.S7

_;."1
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Grade Of
Wire Cloth

400 x 400

508 x 508

635 x 635

850 x 850

TABLE B-31

FLOW RESISTANCE OF T_ILLED SQUARE IfEAVE WIRE CLOTH

Fluid: Deionized 1_ater

ENGLISH UNITS

Flow Rate

gpm gpm/in'

2.0 1.26
3.0 1.89
4.g 2.53
5.5 3.47
7.0 4.42
9.0 5.68

11.0 6,94

2.0 1.26
3.2 1.89

'.-3.47
7.0 4.42
9.0 5.68

11o0 6.94

2.0 1.26
3.0 1.89
4.0 2.53
5.5 3.47
7.0 4.42
9.0 5.68

11.0 6.94

2.U 1.26
3.0 1.89
4.0 2.53
s;s 3.47
7.,0 4.42
9.0 5.68

II.0 6.94

Tare Net

psid psid

0,04 0007
0,086 0,134

0.15 0,17
0,27 0,28
0.43 0.42
0.70 0.62
1.00 0.87

0.045 0,085
0.094 0.146
0.160 0. Z00
0,285 0.345

0.44 C051
0.70 C.77
1.00 ] .06

0.045 0.105
0,094 0.136
0.160 0.230
0.285 0.385

0.44 0.56
0.70 0.83

1.00 1.13

0.045 0.i15
0.094 O. 186
0.160 0.260
0.285 0.425

0.44 0.59
0.70 0.85
1.00 1.15

Flow Rate

METRIC UNITS

Temp I/min
aF 1/min cmx

73

7O

7.57 0.59
11.4 0.74
15.1 1.11
20.8 1.48
26.5 2.04
34.1 2.59
41.6 3.33

7.57 0.59
11.4 0.74
15.1 1.11
20.8 1.48
26.5 2.04
34.1 2.59
41.6 3.33

7.57
11.4
15.1
20.8
26.5
34.1
41.6

7.5711.4
15.1

20.8
26.5
34.1
41.6

7O

0.59
0.74
1.11
1.48
2.04
2.59
3.33

°is974
1 11
1.48

i 2.04
: 2.59
3.33

65

Tare Net
_P _P

kg/cm t kg/cm x

0.003 0.005
0.006 0.009
0.011 0.012
0.019 0.020
0.030 0.030
0.049 0.044
0.070 0.061

0.003 0.006
0.006 0.010
0.011 0.014
0.020 0.024
0.031 0.036
0.049 0.054
0.070 0,074

0.003 0.007
0.006 0.010
0.011 0.016
0,020 0.027
0.031 0.039
0.049 0.058
0.070 0.079

0.003 0.0080.006 0.013
0.911 0.018
0.020 0.030
0.031 0,041

I 0.049 0.060
0 0.070 0.081

I.

Temp
°C

22.8

21.1

i

2].1

i 13.3
I
J

t
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TKBI_ B-32

Fl_|d; ne|onl:ed hater

I
Grade Of I Flow--Rtte i Te_p I Tire -_P ,_et Ap'--- 1 "F t p,td ; p,tdCloth t _pm ' I_P_/ln Z

3,17 2,00 :
4.03 :.54 I
S.01 t 3.16
6.03 3,81 ;

11 Z 111 1,01 4.4._
0.03 _,0:
9.00. 3.6'_

10,02' 6.33
11.00 6.94
11.-'; 7.05

3.11 2.00
4.03, 2,54
8.01 ; 3.16
6.03: 3.81"

14,:; 24 7,011 4.43
8.03 S.O*
9.00 [ S.6S i

10.02: 6.3_;
11.00 6.94 i

, i

3.17 2.00
4.03 2.54
3.01 3.16
6.03 3.81

SO z SO 7.02 4.43
8.03 ' 3.07
g.O0,_ 5.08

lo.oz :_ 6.33
11.004 6.94

1 3.174 2,00

4.05 _ 2.54
S.01 ' 3.16
0.03 : 3.81

60 z 60 7.01, 4.43
5.03 3.07
g.00 _ 5.68

. 10,.02 6,33

L____ 11.oo 6,94

_;.171 2.00
4.03 _ 2.S4
5.01 i 3.16
6.03 ' 3.81

80 I 80 7.01 4.43
8.03 : 3.07
9,00 S,6l

10.02 6.33
11.00 6.g4

[

2.0 1.26
3,0 1,89
4 0 2.53

100 X 100 S.S 3.47
l.O 4.42
_.0 5,68

11,0 6.94

2,0 1.26
3.0 1.89
4.0 ;.S)

1_0 x 150 S.S 3.47
7.0 4.42
9.0 S.68

11.0 6.g4

2,0 1,26
3.0 1,89
4.0 2.53

3.4?200 z 200. S.S
7,0 4.42
g,o S.68

11.o 6.9t

I 2._ _.26

3.0 ! 1.119
4.0 2.33

250 X 250 S.S _ 3.47

7.o j 4:-
9.0 I 68

?Z

" 72

12

0,07
0.12
0,11
0,23
0,31
0,30

• 0,4g
0.50
0.6g
0,72

t
0.07
0.12
0,17
0 " 2 _ 1

0.31
0.39
0.49
0.53
0,69

0.07
0.12
0,17
0.23
0.31

I o.3_
0.49
0.58
0,69

0,07
0.12
0,17
0.23
0.31
0.39
0.49
0.58
0.69

0,07
0,12
0,17
0.23
0.31
O.:;g
0.4g
0.58
0,69

0.04S
0.004
0.160
0.285

0.44
0.70
1.00

0.045
0.094
0.1_0
0,285

0,44
0.70
1.00

0.045
0.004
0.100
0.285

0,44
0,70
1,00

72

72

71

?0

7O

0.02
0.04
0.06
0.10 I
0.13
0.18
0.20 ,
0.26
0.31
0.32

0,02
0.03
0.04
0.01
0.09
0,14
0.IS
0,21
0.24

0.01
0,04
0.09
0.13
0.17
0,25
0,20
0.40
0,47

O.OS
0.06
0.11
0.16
0.22
0,27
0,35
0.43
0,52

0,04
0.08
0.11
0.17
0.21
0.30
0.35
0,43
0.52

0.025
0.066
0.100
0,175

0.28
0.43
0.63

0.035
0.076
0.110
0,215

0.31
0.51
0,72

n.o3s
0.070

0,12
0.28_

0.33
0.5_
0,7g

-'o.oTF-
0,C_4 J O.OX6

I 0.1_0 [ 0.14
I o.:as I o. :s._

0.44 t 0.3o
o.:o I o..

! ,_.°°.__L__°:_-___
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[ i I

'£be_

'eli

)ynalloy
C-3

___1 i r

Dynalloy
X-5

Dynalloy
X-ll

Dynalloy
X-13

_P_LE B-34

FLOW RESISTANCE OF FIBER PELT - FLUIDs DEIONXZED WATER

DYNALLOY - X

ENGLXSH UNITS

flow gp_/
_pm : An _

1.0 I 0.64

2.0 i 1.26

3.0 ' 1.91
4.0 2.52
5.0 3.14

6.0 3,78
7.0 4,40
8.0 5.04

1.0 0.64
2.0 1.25
3.0 1.91
4.0 2.52
5.0 3.14
6.0 3.78
7.0 4.40
6.0 5.04
9.0 5.69

10.0 6.30

TaEe I Net

ipsld ps£d

!0,01 4.7,. i
;0.03 12.8
0.06 I 19.5
0.09 : 26.2

0.14 33,4
!0.18 t 41.3

0.24 _ 48.3
0.30 57.7

!0.01 ; 2.2
0.03 _ 5.2

'0.06 1 8.0
!0.09 I0.7
0.14 i 13.7

0.18 i 17.0
!o.24 : 20.2
;0.30 23.5
!0.37 i 26.8

!o.45i 30.9
0.53

03 ;
0.06 !

0.09
0.14

0.18
0,24

j 0.30

I 0.37

I 0.45
0.53

Flow

_emp. liteE
F /rain.

i

I

!68

i
I

l
I'

i
!68

Ii.0 6.95

1.0 I 0.64

2,0 I 1.26
3,0 ) 1.91
4.0 I 2.52
5.0 ! 3.14
6.0 3.76

7.0 i 4.406.0 8.04

9.0 I 5.69
i0.0 , 6.30

11.0 , 6.95

1.0 ! 0.64
2.0 1.26
3.0 1.91
4,0 2.'52
5.0 3,14
_.0 3.78
7.0 4,40
8.e 5.0_
9.0 5,69

I

.34.5 ._

1.3 I2.6

4,0 I
5.6 l
7.4 _69
9.1 '

ii.I :
13.2
15.! I

17.1 i
19.2

i -- |-

i 0.01 !0.03
! 0.06 i

0.09 ;
0.14 ;
0.18

0.24 i
0.30
0.37

10.0
11.0

6.30 0.45
6.95 I 0.53

1.0
2,0
3.0

4" 0ii:

11.0

1.0
2.0
3.0
4.0
5.0

6.0

9.0
ioo

0.64 ! 0.01

1,26 0.03
1,91 ! 0.06

2,52 i 0.09 :

I 3.14 : 0.14

I 3.78 i 0.18

i 4.40 i 0.24

5,04 0.30

5,69 0.37
6.30 0.45

• 6,95 0,53

0.64 ! 0.011,26 • 0.03

1.91 1 0.062,52 0.09
3.14 0.14
3.70 , 0,18 !
4.40 0.24 '

5.04 I 0.30

5.69 I 0'37 i6.30 0.45
& tl ¢ i f_ _ 1

3.8
7.6

11.4
15.1

18.9
22.7

26.5
30.3

3.$
7.6

11.4

15.1
18.9

22.7
26.5
30.3
34.1

37.9

0.I ]
0.5
0.9

1.2
1.6 68
2.1 ,

2.5 ! .I 26.53,1 30.3
3.6 I 34.1
4.2 I 37.9

4.9 4 .6
0.08 I 3.8

0.3 I 7.6
0.6 11.4
0.8 15.1
i.I 68 18.9

1,5 22.7
1.8 ! 26.s
2.3 I 30.3
2.7 i 34.1

3,2 I 37.9
3.7 4_.6

i i

0.07 3.0
0.2 7.6
0.3 11,4
0,4 15.1
0.6 _'l 10.9

0.6 22_7
1.1 26.5
1.3 30.3
_..7 34.!
2._ 3'1.9
_ 41.G

I

i cm k;;Icm kg/cm C

I 0.37 ! 0.001 0.174[ 0.74 0.002 0._75 i

, 1..11 ! 0.004 0,724!1.48 0.006 0.972 20.0!
' 1.85 , O.OLO 1.24

2.22 0.013 1.53
I 2,59 0.017 1,79

' 2.96 ' 0.021 i 2.14
s

0.37 ' 0.001 0.082
0.74 i 0.002 0.193

1.11 ', 0.004 0.297

i 1.48 ! 0.006 0.397
: 1.85 _ 0.010 0.508 20.0

' 2.22 i 0.013 0,631 i; 2.59 i 0.017 0.750
: 2.96 I 0.021 0.872

3.33 i 0.026 0.995 ',
3.70 0.032 1,15

41.6 4.07 0.037 ! 1,28 ' i

3.8 0.37 0.001 0.048 I
7.6 0.74 0.002 0.097

11.4 I.II 0.004 0.149 i

15.1 1.48 , 0.006 0.2"d I

18.9 1.85 0.010 ! 0.275 20.0 :22.7 2.22 ; 0,013 0.338 1
26.5 2.59 ' 0.017 ' 0.412
30.3 2.96 0.021 I 0.490 I

34.1 3.33 ' 0.026 I 0.560 I37.9 3.70 0.032 0.635
41.6 4.07 0.037 0.713

3.8 0.37 .01I0.0041
Wm_ I

7.6 0.74 ! 0.002 0.019 I
11.4 i.ii I 0.004 I 0.033 I

i
18.9 1.85 20.0
22.7 2.22 0.078 I

0.013 i 0.093

2.59 '; 0.017 !
2.96 0.021 0.115
3.33 0.026 0.134

0,032 I 0.156
3.70 0.03_0.182 1
4.07 -- . -------'---'r-------"

I 0,37 ' 0.001 I 0.002 I

0,74 I 0.002 i 0.011

1,11 0.004 ' 0.222
1.48 o.oo61o.o3ol

• 1. 5 o.olo i o.o41 i2o.o
2.22 0.013 : 0.056 1
2.59 0.017 _ 0.067
2.95 0.021 i 0.085
3.33 0.026 0.100
3.70 0.032 ; 0.119
4,07 0.037 i 0.137

0.37 0.001 0.003 t
0.74 0.002 0.007
I.II 0.004 0.011

1,48 0.006 0,015 1
1,35 0.010 0,022 19.5 ;
2.22 0.013 0,030 ',

2.59 0.017 0.0,li I

?.96 0.021 0.C,|8 I
3.33 O.O_G 0.0_3
3,70 0.032 0.074 I
4.o7.... o.o3 .... J

!
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TABLE B-35

FLO14 RESISTANCE Or PO_TDERED HETAL FILTERS

Fluids Delonlzed Water

Moct
Filter

Grade

M02

MO5

HIO

H20

tFlow gpm Tare _, NetZ_P, _P_

Spin i in2 I P sial psid

J

1.0 I 0.63

2.5 _ 1.58 l
3.5 2.21
6.0:3.79
8.0 5.05 j

P

8.92 i 5.63i

1.0i0 63!
1.24 I 0.78

2.51.58
3.5 2.21
4.5 2.84
6.0 3.79

8015059:1 5:74

1.0 0.63
2.5 1.58
3.5 2.21
6,0 3.79
8,0 5.05 L

10.4 6.57
I

1.0 ! 0.63

2,5:1.58 !3,51 2.21
6,01 3.79
8.0 5.05

10.4t 6.57

0.06 7.9
0.35 20.7•
0.65 30.9
1.80 68.7
3.10 96.9
3.80 111.2

0.06 6.6
0.09 8.3
0.35 18.7
0.65 28.4
1,05 45.0
1.80 65.2
3.10 91.9
3.90 110.1

0.06 3.3
0.35 9.2
0.65 16.9
1.80 33,7
3,_i0 52.4
5.20 I 83.8

0.06 1.4
0.35 5.4
0.65 I 9,1
1.80 21,2
3.10 35.4
5,20 54.8

Temp
o F

! Flow

liters

/ min

79 3.79
79 9.46
79 13.2
79 22.7
79 30.3
79 33.8

i

79 3.79
79 4.69
78 9.46
78 13.2
78 17.0
78 22.7
78 30.3
79 34.4

IIII

78 3.79
78 9.46
78 13,2
78 22.7
78 30.3
79 39.4

|

liters

/min_
Cm"

0.37
0.93
1.30
2.22
2.96
3.30

Tare
AP

kg/cm2

.004

.025

.046

.127

.218

.267

0.37 .004
0.46 .006
0.95 .025
1.30 .046
1.67 .074
2.22 .127
2.96 .218
3.37 .274

0.37 .004
0.93 .025
1.30 .046
2.22 .127
2.96 .218
3.85 .366

m,

Net I
P

AP,. [Tem_ ikg/cm 2 "C i

=.,===_m====_==== t
0.56 26.!

!
1.46 26.11
2.17 26._
4.83 26.i

6.81 126 1 j
7.82 26_1 !

0.46 26.! _
0.58:26."
1.31 125.o
2.00 25.0
3.16 25.6
4.58 25.6
6.46 25.6
7.74 26.1

I 25.o
i 25._

25.6

25.525.5
26.1

78 3.79 0.37 .004 25.5
78 9.46 0.93 .025 ! 25.5
78 13.2 1.30 .046 i 25.5

78 22.7 2.22 .127 I 25._
78 30.3 2.96 ,218 25.6
78 39.4 3.85 .366 25.6

0.23
0.65
1.19
2.37
3.68
5.89

I I

0.10
0.38
0.64
1.49
2.49
3.85
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i 1I

0,038 t 48.3
0,051 ' 48.3
0.070 48.3
00105 48.3

80 Z 400

O.O?i 008
0.14i 1.0
0.24! 1,4
O,SS 2.2
1.301 3.0

0.101 0.6S
O._O0.g7
0.30, 1.4
o.4311.8
0.71_ 2.5

0.8
0.17 1.3.
0.27il,8
0.39;2.3
0.69,3.2

0.025,1.2

0.07i1.80.14 Z.S
0.24 3,0
0.5514.3
1.3016o3

0.1011.0
0.2011.6
0.3012.3
0.43i2,9
o.7123.9

152
151

i
, 122

18.9 I 1.85

OOS i0.056 ! 31.1
0.070 31.1
0.098 : 31,?

32.2

0.007 I0.046 t 66.0.0140.068 66.
0.021 ] 0,098
0.030 'i 0.127
0.0$0 !0.176

0.006
0.012
0.019 0.127
0.027 0.162
0.049 0.225

0.005 0.127
0.010 0.X76
0.017 0,211
0.039 0.302
0.091 0,443

O.OSO 0.:

33,3
33.3
33.3
33.3
33.9

168 • 800 120120 11.4 i 1.1715.1 ;..48

26.5

0.012 ;0.162
0._19 ;0,211
0.027 10.260
0.049 '0.366

0.02S2.2
0.07]3.5
0.14,_.S
0.245.S
0.5S18.0
1.30!11.S

0.101103
0.20 :.0
o.3o:;.Z
0.43P';

14.$

7.57
: 88 11.4
, 88 15.1

88 I 18.9
88 I :6.5
88 q 37.9

o.oos ;o.246
0.010 0.316 i 31.:
o.o17 ! 131.10.387
o.o39 _0.86:;-31.1
0.091 _._808 31.1
0.007 10.091 I _S.6
".014 0.141 i 66.1

G.021 0.19 I bS.60.030 O.::S 66.7
O.OSO 0.310 , 66.1

150
151
150
152
151

0,74 ;
1.11 i

1.48 :1.85
2.59

72
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Grade Of
Wire Cloth

100 x 100

1S0 x 150

200 x 200

_S.BLE B-39

FLOW RESISTANCE OF PI_IK S_UARE _SH WIRE

Fluid: MIL-H-S606 Hydraulic Fluid

ENGLISH UNITS NETRIC UNITS

Flow Rate ! Net Flow Rate

i _P,! Te_ppstd!

0.1o 0,!2i 13S
0.201 0,19:154
n.30: 0,27_ 154
0.43: 301 134
0.71] $7 135

0.08 0,18!
1.80 I 0.17i 0.:9
2.53 i 0.273.16 0.391 0,370,49:
4.42 ; 0.69 6S:

.0_S: 0+23
0.071 0,36: 87

0,4St 88
0,61J 89
0,87 89
1.10 91

0,121 150
0,20! 1S2
o.171ls2
0.42:155

53; 1aS

0.007:0,008
0.014 0.013
0.021 10.019

0.030 i0,0210,0S0 00040

0.006 1
0.012 ;

0.019 !0.0260.027 0.034
0.049 _0.046

ooosi 13°"60.010 31.1

0.017 I 31.731.7
32.8

0,007 I 0.008 ] 6S.6
0.014 0.014 66+7
0.021 0.019 66.7
0.030 10.03 68.3
0.0S0 I O.I

t ,231
O. 27 J ,39;
0.391 ,48i
o.69i o.63'

0.023 0.23
0.07: 0.36
0.144 0.30_
0.241 0,
o.ssi
1.30}

o.1oi
0.20
0.30
0.43
0.71

0.08
0.17
0.27
0.39

1,23

0.11

0,314

0,16
0,2_
0.3_
0.4_
O.TQ

O,3q
0,4_
0,SO
0.S_
1.4_

119
119

88
88
89
90
92
93

0,027
0,034 I 48,9
0,046 i S0.0

i 0.00_ i0"016 i

0.00S 0.025 31.1
0.010 0,033 31.T
0.017 0.041 ; 32.2

33.3
0.039 ! 0,057 I 33.9
0.091 i0.088

0,008 j 68.31.11 I 0.014 0,011 68.3
1.48 t 0.021 0.018 t 61

85 _ 0.030
O.0S0

7.57 _ 0.006 0,011

1 11.4 1.11 I 0.012 0.018 J15.1 1.48 0.019 10.022 I 48.3
119 18.9 1.85 I 0.0:7 10.033 48.3
119 ;,I. 26.5 0.04g i0.0S 48.3

0.0:5.
_.07!
o.14;
0.24+
0.551
1.30:

1.26 _ 0.10' 0 16 lS3 !1 7.57
3.0 1.89 I 0._0 n'2_ 136 ;_ 11.4

| - u. .
4.0 ..53 0.30 0.38 IS4 l! 15.1
5.0 3 16 I 0 43_ _ *n 154 ,: 18.9

7.0 4.42 _ 0.71 n 7 • la3 i 26.5lo.o 379
1..0 0.o_ 0,=3 z.z 7.57

3.0 1.89 ] O.X7 O._ 1_1 : 11._
4.0 2.53 _ 0.27 0.4_ 121 ! IS.l

2S0 x 2SO 3.0 3.16 I 0.39 _ 0.hi 121 18.9
7.o 4._ I 0._9 o+96 121 I: 2A,S

I lO,n ! _3! : I.._L_._L.+_Q._ _1 _?.9

1_2.0 i 1.2_ O.O:S 0.31 s9 ?.S_
/3.n I z.Mn n.n: n,_5 89 : 11.4
/4._ _ 2.$3 . t_.]t _ _$ 91 1 1_.1"
/S.O I 3.1_ ' n.:_; _'_ _, / 18.9

0.0020.005 i 0.0150,021
1.48 _ 0.010 ! 0.029

1.8S I 0.017 i0.042.59 } 0.039 0,061
3._0 I o.o91 0.098

0.74 l 0,007 0,011

1.11 i 0.014 40,0181.48 0.021 I0,027
z._s o.o3o _o.o34
z.s_ I,.oz, I o.os
_.77..,_._s6 'o:_s_
0,73 i 0.n06 ;001_2

1.11 I 0.012 0.023

1.48 0.019
1.65 0.0=7 i 0"033• 0.043
2.59 0.0_9 0.067

0.74 ' O.:_t_ 0.0:2
1.11 i 0,005 0,031
l..Z_ 0._10 0._48
1.85 : 0.017 0,060
2.59 I 0.039 _0,084

3,70 I 0,091

i 31.7

131._

32.34.

• 68.3
60,9

67.S67.8
67.2 i
67.2
4_.4 i

i 49.4
,_9.4 I
49.4 I

' 49.4 j
49.4J
31.,' ;
31.7 '.
32.8 1

t33.3 l
33.9 1

i

"7":I
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TABLE B-40

PLOW RE_SISTANCE OF TDDW AND PDSW FLOWIHG ETHYLENE GLYCOL AND WATER

(3St1651 by Weisht)



t _ ! 1 ] I ! • "7

1: + i !

- "c; ,.

=QI,:

Grmde Of
Wire Cloth

200 x 200
Plain Square

Mesh

400 x 400
Twilled Square

Mesh

8O X 4OO
PDS_

165 x 800
PDSW

164 x 1400
TDDI_

325 x 2300
TDD|(

FLOW RESISTAYCE

TkBI_B-41

OF VARIOUS FILTER HEDIA

ENGLISH UNITS ]

F_OW Rate ] Tare, Net" !,P T mp I- ,' "_P,, _ ,.

_: ........ : psidgpm gp,.'a/in ! p.s+id ...... F !l
1 ......

2.1
2.6

3.95
5.1

7.05
9.98

2.0
3.0
3.9
5.0
6.9

10.3

2.3
3.2
4.0
5.2
7.1

10.3

2.04
3.06

4.0
S.06

6.9
9.54

2.08
3.06

4.0
5.1
7.1

9.85

i

1.33 i 0.03
1.64 +0.04

!2.49 0.10

4.45 .32
6.30 0.63

! 0.02
I o.os

0.09
0.16
0.28

I 0.S2
I .n

1.45
2.02
2.53
3.28
4.48
6.50

1.29
1.93
2.53
3.19
4.36
6.02

1.31
1.93
2.53
3.22
4.48
6.22

WITH JP-4 FLUID
i

88
89 9.84 0.96 0.003
89 15.0 1.46 0.007
89 19.3 1.89 0.011
89 26.7 2.61 0.022
87 37.8 3.70 0._44

8O
8O
8O
84
86
89

+' i85
85 1
87
89
85

85

88
88
86

3.q2
3.99
5.01
7.05
9.2-_

1.2+ o.o,to.o2 831.89 0.06 .06 83
2.46 0.10 I 0.12 91
3.16 0.16 I 0.18 80
4.36 0.32 t 0.31 83

6.50 0.67 ] 1.04 87
i

0.03 0.09
0.06i 0.16
0.10 0.24
0.17 0.37
0.33 0.6S
0.67 1.33

0.03 0.27

o o. Ii 0.10 .,5

; 0.16 i 1.04; 0.32, 1.51
t2.12; o.58_

t

] 03 0.52 1
] 06 0.86i

10 1.3 ;

0.16 1.9 1
0.32 3.3

0.62 5.4

1.26 Ioo31 1.2', 8s
1.91 , o.o6 z 0 ! 90
2.52 i 0.10i 2_?, 90
3.!5 t 0.16 +, 3.8 I 90

4.45 I 0.31 i _:9 I 91
5.83 t o_.s6l..__ 90

IMETRIC UNITS

Flow Rate ] Tare ] _et " '1

l l/min'" &P' 1 &P'_ Temp
l/min] cm kg/c=2 't kg/cm_ ++ *C i

o.oo2 o.oo1 131 1i7.95 0.78
31:7l

7.57 0.74
11.4 1.11
14.8 1.44

18.9 1.85 l26.1 2.56
39.0 3.81

I
8.71 0.85
12.1 1.18
15,1 1,48
19.7 1.92
26.9 2.63
39.0 3.81

7.72 t 0.7_
11.6 I 1.1_
15.1 11.48

19.2 I 1.8726.1 2.56
36.1 ]3.53

I

7.87 i 0.77
11.6 i1.13
15.1 I 1,48

19,3 i 1 89
26.9 12_63
37.3 13.65

J

7.57 0,74
1!,4 1.12

t

19.0 85
26.7 2.61
34.9 I _.42

0.002
0.004
0.007
0.011
0.022
0.047

0.002
0.004
0.007
0.012
0.023
0.047

0.002
0.004
0.007
0.011
0.022
0.041

t

0.002
0.004
0.007
0.011

I o.oz2
i 0.044
i
I

0.002

; 0.004
0.007
0.011
0,022
0.039

0,004

ooo6i 317i0,011 31_7 :

0.020 31.7+
0.037 t 30.6i

O. 001 28.3 t
0.004 28.3
0.008 32.8
0.013 26.7
0.022 28.3
0.073 30,6

0.006 I 26.7
0.011 ! 26.7
0.017 t 26.7
0.026 I 28.9
0,046 i 30.0
0.094 ! 31.7

i '"0.019 28.9
0 '_39 '• i 29.4
0.053 I 29.4
0.073 I 30.6
0.106 ; 31.7
0.149 i 29.4

I

0.037 ! 29.40,060 30,6
0,091 30.6
0,134 !31.1
0,232 ! 31.1

0.380 i 30.0

0.054 31.1
0,141 32.2
O,190 3._,._
0.267 32.2
0.415 32.S
0.605 3"

-" "j
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TABLE B-42

FLO_/ RESISTANCE OF 30 x 250 TDD_ I_IRE_ CLOTH.immmm=,,a-,i
i m l

Fluid: Gaseous Nitrogen

= _5"

! L_,_

.__-_-_"<_

I-?L.: '

• d

; t1-,

_-_,

Inlel

Press,Flow, SCFH

psia SCFH

50

Sample _umber

Tare .... 1 2 _

ACFH _P Ne_ _P Temp Ne_ _P Temp
.-7-"2-- psid oin psid F psid °F

0.84 2.53 0.74 .005

1.76 5.30 1.56 .025

2.65 7.98 2.35 .063

3.06 9.22 2.71 .0$7
4.25 12.80 3.76 .1_0

Avg. Avg.
,_P Temp

psid °F

400

|,,

5.6 16.9 0.62 .024

8.5 25.6 0.94 .047

17.0 51,2 1.881 .145

25.5 76.8 2.821 .28

34._ 102.4 3.761 ,45

40._ 120.4 4.43 .59

I

.010 78 .015 78 .013 78

.065 78 .075 _8 .070 78

.137 78 .157 78 .137 78

.173 78 .173 78 .175 78

.390 78 .390 78 .390 78

500

1500

8.6 25.9

16.7 50.5

25.3 76.2

29.£ 90.1

42.8 !28." i

25.5 76.8

42._ 125

53,C 160

35. ( 256

102 307

)33 401

.056 71 .056 73

.i13 71 .093 73

.455 70 .475 73

1.12 68 1.17 71

2.05 66 2.15 68

2_91 64 3.II 66

0.76 0.06 .I00 75 .i00 76

1.48 0.22 .380 75 ,410 75

2.24 0.52 .880 75 .980 74

2.65 0.71 1.39 73 1.79 73

3.7£ 1.45 2.95 70 3.05 71

0.36 77 0.35 76

1.09 76 1.14 76

1.53 76 1.33 74

3.85 75 4.25 74

5.30 74 5.10 73

9.60 74 9.00 73

0.7E 0.i

1.2_ 0.26
1.57 0.37

3: 1.5

3.92 2.4

.056 72

.103 72

.465 71.5

1.15 69.5

2.10 67

3.01 65

.I00 75.5

.395 75

.930 73.5

1.59 73

3.00 70.5

0.36 76.5

1.12 76

1.43 75

4.05 74.5

i 5.20 73.5
9.60 75.5



1 I I t t

FLOW
__ ii

Inlet

Press Flowj

psia SCF_I

0.84
1.76

50 2.65
3.06
4.25

5.6
8.5

400 17.0
25.5
34.0
40.0

RESISTANCE
lJ

Fluid:

SCF:t AC___F 
in

2.53 0.74

5.30 1.56

7.98 2.35

9.22 2.71

12.80 3.76

i

16.9 C.62
25.6 0.94

51.2 1.88

76.8 2.82
102.4 3.76

120.4 4.43

TABLE _-43

OF 80 x 700 TDDh' h'IRE CLOT I!

Gaseous Nitrogen

Tare
AP

psid

.005

.025

.063

.087

.180

.024

..047

.145

.28

.45

.59

Sample Number

1 2 Avg. Avg.

- :ZNet AP Temp Net &P Temp Tem_

psid OF psid °F P °F
! ?

8.6 25.9 0.7_ 0.06

16.7 50.3 1.4_ 0.22

500 25.3 76.2 2.24 0.52

29.9 90.1 2.6[ 0.71

42.8 128.- 0 3.7 c. 1.45

.025 78 .025 73 .025 75.5

.075 78 .075 73 .075 75.5

.137 78 .147 73 .142 75.5

.173 78 .183 73 .178 75.5

.380 78 .400 73 .390 75.5

--- !25.5 76.8 0.7 0.i

42.5 128 1.2_ 0.26

1500 53.0 160 1.5; 0.37

85.0 256 2.5] 0.95

102 307 3.0] 1.5

135 401 3.9_ 2.4

=,

.036 80 .056 75 .040 77.5

.I03 79 .123 75 .I13 77

.435 79 .415 74 .425 76.5

1.02 79 1.02 73 1.02 76

1.85 76 1.85 70 1.85 73

2.71 74 2.61 68 2.66 71

.095 78 .i00 73 .098 75.5

.370 76 .380 72 .375 74

.830 73 .730 70 .780 71.5

1.14 70 1.19 68 1.17 69

2.55 68 2.55 67 2.55 67.5

0.34 77 0.33 77 0.34

1.04 77 0.99 77 1.02

1.23 75 1.33 75 1.28

3.35 74 3.35 74 3.35
4.30 74 .1.23 74 4.28
8.60 74 8.60 74 8.60

77

77
75
74
74

74

77



L--'

: -J L

[

Inlet
Press,

psia

50

400

SO0

1500

TABLE B-44

FLOI_ RESISTAN_CE 0F 165 x 1400 TDD:_ _IRE C[:0TII

Fluid: Gaseous Xitrogen

Flow,
;CFH

).84
L.76
2.65
5.06
4.25

5.6
8.5
17.0
25.5
34.0
40.0

8.6
16.7
25.5
29.9
42.8

25.5
42.5
53.0
85.0
102
133

I Tare

SCF: !A_ _CFyl
in--:'-I p id
J.&L J._L '

2.53
5.30
7.98
9.22
12.80

25.6
51.2
76.8

102.4
120.4

25.9
50.3
76.2
90.I
12809

76.8
l:S
160
256
307
40]

0 74 [ 005

l:s61!o:s2.351 06_

2.71l 087
3.761 .18C

i°j __ la -- --

Sample Number

Ne P " ] o

.035

.i05

.177

.223

.460

0.941 .047 .123
1.88 .1451 .445

2.82 .28 I 1.07
3.76 .45 I 1.90

0.76 0.06 0.I0
1.48 0.22 0.39

2.24 0.52 0.88

2.65 0.71 1.29

3.79 1.45 2.75

1.2" 1.04

1.57 0.3;" 1.2S

2.51 0.93 3.45
3.01 1.S 5.70
3.93 2.4 9.90

76
76
76
76
76

80
79
79
78
761
76

68
65
64
63
62

78
77
74
74
74
73

.03S

.105

.187
.233
.440

.i13

.475
1.12
2.05
2.91

0.I0
0.38
0.88
1.29
2.85

0.37
1.09
1.33
3.65
5.40
10.6

79
79
79
79
78

W
76
76
75
75
75

76
74
74
72
72

77
76
75
75
74
73

Temp

psid °F

.035 77.5

.i05 77.5

.182 77.5

.228 77.5
.450 77

.118 77.5

.460 77.5
I.i0 76.5
1.98 75.5

2.76 75.5

imm.....m.i---,

0.i0 72

0.385 69.5

0.88 69

1.29 67.5

2.80 67

0".36 77.5
1.07 76.5
1.31 74.5
3.55 74.5
5.55 74
10.3 73

"^ I '



Inlet

Press
psia

,, ]

50

400

500

1500

FLOW

TABLE B-45

RESISTANCE OF 325 x

Pluid: Gaseous

Tare

Flo_,', SCF)I ACF._I t,p Net LP
SCFH _ .----2-- psid psidin

, ..,, '_' |r, , i

2300 TDDh' h'IRE CLOTH
in

Nitrogen

Sample Number

1 2 Avg.

Temp Net _P[ Temp Ap

_ °F psid I °F psid

0.84 2.53 0.74 .005 .I05

1.76 5.30 1.56 .025 .245
2.65 7.98 2.35 .063 .417
3.06 9.22 2.71 .087 .503
4.25 12.80 3.76 .180 .920

,=

i i "p

5.6 16.9 0.62 .024 .096
8.5 25.6 0.94 .047 .223
17,0 51.2 1.88 .145 .765
25.5 76.8 2.82 .28 1.72
34.0 102.4 3.76 .45 3.05
40.0 120.4 4.43 .59 4.21

8.6 25.9 0.76 0.06 .19
16.7 50.3 1.48 0.22 .64
25.3 76.2 2.24 0.52 1.38
29.9 90.1 2.65 0.71 1.94
42.8 128.8 3.79 1.45 4.05

-_ ,,,, ,

25.5 76.8 0.75 0.I 0.54
42.5 128 1.25 0.26 1.59
53.0 160 1.57 0.37 2.03
S5.0 236 2.51 0.05 4.55
102 307 3.01 1.5 7.00
133 401 3.93 2.4 12.1

Avg.
Temp

"F

78 .095 72 Q.IO 75
78 .235 72 0.24 75
77 .397 72 0.41 74.5
77 .483 73 0.49 75
76 .920 73 0.92 74.5

80 .096 80 .096 80
80 .223 80 .223 80
80 .765 78 .765 79
78 1.72 76 1.72 77
76 3.00 76 3.03 76
76 4.11 76 4.16 76

73 0.18 69 0.19 71
73 0.63 68 0.64 70,5
69 1.38 66 1.38 67,5
67 1.89 63 1.92 65
65 3.95 62 4.00 63.5

, EL

78 0.54 77 0.54 77.5
75 1.54 77 1.57 77.5
76 1.88 75 1,96 75.5
75 4.55 75 4.55 75
75 7.00 74 7.00 74.5
74 11.8 73 12.0 73.5

7q
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TABI_ B-46
FLOP; RI'SIST,'_%CI: OF 30 x .'SO Tt_W FL_;|_C, r, ASF('Jl;S (I_¥_FN

; psi* _ t

t
4._4 ¸
d:
4 0, 162

4 .3' /3.3
S 1.6
4 ,.3
St,0
| 1,6

1

).S
)°9
+o3
).9
_.3 0.3167
8.6
0.5
9.3

t 0.5
0.3

7.3

O. S ,
8,0
11,8
0.6
i8.0

__ ;8.0

;8.0
_9,3

;0, 3
J9.3

19.3
|1,8

l 1.9.3

I II.(347.3
4g.s

I 48.f

81.!
S0,!
33,1
50,S

IA

LOA

11

I i

04 t
6' l
67

,i I
75 1

t7( S?t 2

3_.3
S�.S
62,6
67.3
73.1
83,7

8 ,0
! .0

( .3

.7
74.3
71,6
71,?
72.6

I q

!
I

I

|

I

0,334g 72.2
72,1

.7

.0
_.0
_,8

;,9
i,6
j.7

1,0
t,?

_00.8
,_00.8
,I02.1
_00.8
_g9.6
199.6 0.3167
198.9
102.7
i02.!
t00.2
I01,S

398.4
399,0
400.3

400.3
399.0 0.3107
400.9
399.0
397.8

395"+ I
392.7 e

376.2 J _

402,_ I4DI.0

4D0.9 1100._
108.1 _.1107
400,.*
lnl,b
4oo,1.!
4nn.3
401 .r,
4110._

S.O
2.9
2.2
2,2
0.6

1.1
: 4.7
i 72,3
I 72.2
: 1,8

0,0
8.7
_7.3
i3.l
i8.9
18.0

14.5
10,4
VO.$
_9,0
58.6
55.?
65,6
65.4
6S.4
65,4
6(_,0

61.6

6f,, 0
68.1
f_R,4

_?.ll67.1
6h.4

fJh. 8

173._

ACFM/

Flo..,'t, t "r,,', + .""

scF,,/l..L,,d ] p,t 
247

i 5,:3
8.00

11,04
13,o9
18.07
14.90
tl. SS

8,32
5,32
2.59

2.SS
S,20
7,97

11,18
14.14
16,90
14,33
It,CO

8,08
S.25
2.34

2.52
4,75
7,51

10,05
12,69
15,85
12.86
I0,81

7,34
S,0I
2.S0

2,32
5,28
7,65

10.15
12.50
16,18
12,82
10.78

7.56
5,23
2.46

19+77
42,70
64,83
87.71

113.36
141.72
113,86

89.63
65.23
43,26

21_ 62_2.__

20,10
42.15

0.76
1.57
.%43 I

3.40 I4.3 ?
5,34
4,38
3,42

t 2.$:
1.58 I
0.76

"0,';3
1.50
2,34
3.27
4,24
5.24
4,31
3.40
2.11 "
1.54
0,73

0.7S
1.47
_,16
3.05
3,90
4,87
3,93
3,15
2.23
1.46
0,75

0.75
1,4g
2.26
3,09
3.86
4.78
3,90
3,07
2,21
1,44
0.72

0;73
1.58
2,38
3.23
4,18
S,21
4,19
3,25
2.36
1.58
0.79

0.76
1,58

0 011

I O 036
080

C 153

I C 2320,409

0,_78

0,164
0,080
0,036
0,01_

i o.o120,034
0.079

0,156
0,248

0,008
0,046
O.lOS
0,193
0,313
0,513
0,340
0,222
0,123
0.055
0,013

0,008
0,045
0,097
0,168 ;
0,2591

0._57 + 0.414
0 253 ' 0.249
o:'151 ;o.lszt
o,08o o1710.036 t 0.0 0 /

0,012 0.010
0,033 0,0.17
0,080 0,103
0,140 0.187
0,222 0,280
0,351 0,441
0.229 0.298
0,153 0,198
0,074 0,216
0,036 0.052
0,012 0,012

0,012 i0"010
0,040 [0.046
0,082 ', 0,105
0,142 10,17_;
0,,213 ;0.277
0.366 0,403
0,227 0,273
).161 0.176
),060 0_100
_,03g 10.045

o.o12 !
0,071 t0,067

0.208 10. 4320.498 0.991
o,o?s t.811 I
1,701 3,005 1
2.778 Is.o2 I
1.717 ;3.012
1.024 !1.824
o,512 Io._6o
0 212 ,0.437
^'n76 '0,072

0,072 ,0,064

0,202 0.390

2.40 6_.33 0.513 0.834
l mo _ 1 O'S ,1.o88

3.27 [ ....... +.4.17 113 45 11.7_0 2.826
sJO'n_ _: ?03 ,4.480

,0, 1113.o I:"8° 1

4.13 i 89 _9 _1.0_7 11.677
3.26 t 06'_' _._24 10.916
2.43 I ,,',, ,o ,o7 ln.3o_
1.56 • ....... ,
o.7? 19,63 [n.O?l jo.o_2

t.s6 !!'l! t 'ois
2,38 o_.aa ...... .
3,_4 85.77 _I.GLO _1,,56

4 23 llf,,+l 11.a17 :1.hi+ I
' It.n+O II.,18 1

3.2_ _n.l? |0 S_S 12.,,,I
2.10 _4.79 ;O:X')| o,103 I
1.55 41. +1

• _ - " I + .... " ................ :+_.....
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J
_t,B I,B B-48

FLCM RESISTANCE OF 1(_ It 14n*_ TnnW FI.OI(I_f; f;,A._EOUS OXYCEN

I Inlet Flov Rate
st Press., Are_, Temp

. ACF.I/In- SCF_t/Ln 2
NO. : pSi8 t in- *F ' _ • I

I

!

I zo

I

1

19

I

11

48.1
SI.3
48.1
51._
50.6
48.?
50,6
50.6
49.3
45.1
57.1

1$

14

P

2ZA

22

50.0
50.6
S0.6
49.3

: 48.?
48.?
50.0
49.3
50.0
49,3
50.3

S0.5
48.1
50.0
49.3
51.3
S0.0
Sl.g
SO,O
49,3
30.6
49.3

i

t 401.6
40'1.6
401.6
4_0.9
4_0.3
400.9
399.0
_99.?
399.0
399.7
400.9

398.S
401.0
403.0
402.3
39_.8
397.3
397.3
403.6
400.4
397.9
397.g

401.8
396.1
402.4
401.2
39_.3
399.3
399._
398.e
399.9
398.6
399.3

3_9.D
Int.8
39_.9
3_8,t_
3_*,4
3_,0

i

i 64.S

66.3
70.2
72.7

I ?6.3
•0.31_: I 79.1
I I 79.9

177.9

74.6

i 176"777.7
I 78.9

to.31__ _ 79.7

i i '°''

80.4
79.?

79.0

7_.9
76.1

56.0

0.76 3.51
1.51 5.31
2.38 7._7
3.:8 11.39
4._3 14._2
5.43 17._0
4.35 14.75
3.36 11.40

75.9 -'.41
73.1 : 1.49
69.3 . 0.?g

: 0.79
1.61

"_.44
3.41
4.40
5.45
4.44
3.48
2.49
1.57
0.79

0.?2

8.01
4.8b
3.07

2.66
S.SO
8.:S

11.28
14.34
17.'6
14.81
11.42

8,2_
5.21
2.66

2.53

Tsro I N_tP, . /.P,

p_id I pltd

0.011 I 0.033
0._37 I 0.102
O._S I 0.176
0.1_1 ' 0.230
0.:88 0.409
0.30_ 0.553
0._?1 0.4=_
0.1bO 0.297
0.07_ o.la7
o._31 o.193 ,
0.014 0.037

0.012 0.032
0.035 0.094 '
010_S 0.154
0._57 O.:_S
0.:;_ 0.384
9.395 0.5_2
0.275 (.389
0.163 O._?Z
O.O$S 0.170
0.03S 0.094
0,012 0.035

0.012 I 0.03_

0.3349

0.3167

0. 3349

i0.3349

i

59.1 1.40
61.9 2.16
64.5 3.04
66.1 3.86
66.4 4.78
64.g 3.88
63.8 3.08
62.2 2.20
60.8 1.42
60.2 0.7=

S9.9
67.4
70.7
73.3
68.7
67.7
66.7
74.4
8S.S
91.3
79.3

71.4
7g.?
78.7
??.S
76.4
75.3
78.1
7S.7
7S.2
75.3
75.4

, ._

69.4
.77.S

_1.7
68.7
67.6

6?.S
73.3

' 70.2
• 81.0

m+ 8

0.79
1.55
2.37
3.24
4.18
5.21
4.22
3.2?
2.38
1.54
0.79

0,75
1.47
2.26
3.10
4.00
4.93
4.48
3.49
2.71
1.84
1.13

_.72
I._6
2.28
3.00
3.95
4.93
4._2
3,06
2.27
1.48
9.'$

4.6N
7.46

19.33
13.56
16.37
13.84
10.59

7.51
4.g7
3.45

22,00
42.S_
64.82
88.31

114.10
1;2._0
12_.47

88.18
62.$7
40.35
21.17

1_.93
40.15
61.01
83.56

107.62
131.93
119.18

94.90
73.15
49,15
30.26

19.62
38.84
_2._2
84.66

10:.84
134.55
lOS.Sn

81.:i
_.JS
1_.48
:0.18

0.032
0.077
0.148
0,256
0.375
0.2_7
0.256
0.079
0.035
0.012

0.077
0.205
O.SO0
0.998
1.730
2.824
1.789
0.g79
0.465
0.187
0.074

5,074
0._03
0.502
1.001
1.7:7
2,686
2.1S5
1.315
0.746
0.31_
0.124

0.97_
0,194

0._1_1.0_;
1.73_
* :.894
' 1,7_

I 0.939_._8G

0.0"$

0.098
0.179
0.284
0.404
0.541
0.411
0.293
0.185
0.102
0.037

0.420 +
0.959
1.716
2.?3_

4.459

2.81$

1.758
0.964
0.413

I 0.097

0.090
0.421

0.8_5
1.610

_.593 i
4.17_
3.277
2.022

1.251 I
0.S99

0,246 !

0.335
o._51 I
I._91 t*
_.O'l
3.4S0
2.152
I._3t ,

i_,760 i
n,_4n I
O._q_

65.8
t • ,ho,9

:1.4
*77.Z

O. 334:_ I_P.I

?0._
? ";. 3

I :l_.r)

| ?_',. 2

.....l;++;.:_

0.(:3
1.45
_..'3
3.+_

4.9.
3.94
3.i:

I,;?

_). hN

I'.21

_9.03
_,_. t r_

$_..I I

lit,+ P'
l,,'.;l

"n,, f,(.

l_.n:

6S.8
6(+,,e

"?.."
tr,,1
?l,.
"'t,_
:'_.9
"I,. (_

°(,..'71.1

t
o. 164

-'. 215 1
t ;. _'_I !
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I n.,l'+. I

in+?:.J

"I



5

I , , J

FLI_W I?FSISTANCI!=_F ?_$ x .'__,0,_ r,llIK ! l.nwt_r, r.ASF,_I;._ OXYNr.N

4

I I'TestJ
_.l

I

2$

2IA

25

2?

28

288

I

30

L-.---..

19

Inlet
Press.,

psia

49,3
40.7
SO.O
Sl.3
48."
49.3
49.3
40.3
48,1
49,3

42,2
4g,3
46,?
48,0
47.3
48.0
49.3
31.8
47.3
31.2
42.2

•49.3
48.1
49.3
48.7
49°3
51.3
48.1
46.8
48.7
48.1
51,3

---- 31.2
31.2
31.2
SO.S
48,0
48.0
49.3
51.8
45,6
46.7
50.$

399.8 i
401.7
399.8
402.3
398.5
399.2
399.2
401.1
401.1
399.2 ,
399.8 j

402.3 !
400.4 :
397.g
395,4
396._
394.1
399.8
395.4
400.4
398.5
396.0

404.0
403.4
399.0
403.4
399.o
399.6
400.R

; l FtowRate !"'Tare:.\P* I Net',,ip,
AI:_' i Te_p i ACF_tlin-_ ! SCr_Itn'_' "p, id i psid

os.,* 0,9 1o.o1=
1. 3.13 003, o.:151?o.2 244 ,I.:3 ioo8, o436

0.31_?

'0.3167

t

i 0,3349
!

J
i

0.3349

3.37
4.33
3.52
4.36
3.41
2.49
1.55

t

0.77
1.59
2.46
3,:'7
4.14
5.16
4.48

I 3,2?2.40
" 1.60

i 0,78

0,72
1_60
2,4g
3,45
4,49
S,2S
4,33
3,3S
2,47
1,53
0,78

0.69
1.43
2.23
3.09
3.99
4,9S
3.93
3.03
2.22
1.42
0.72

0.72
1.46
2.25
3.08
3.93
4.87
3.94
3.08
2.26
1.48
0,09

12.69
14.19
11,11
14,=7
11,18

",97
$.14

2.23
S,3S
?,82

10,?1
13.37
16.84
13.98
11. S0

7,72
S.S5
2.24

I c,171 0,?03O,ZSO 1.014
0,410 1.498
0,253 1.025
O. ISS J 0.671
0.000 : 0.4361
0.034 0.218

1

0.nJ0 0.107
0.039 0.256
0,07_ _,439

0,144 i 0,6?30,222 0.800
0.333 _ 1.31:
0.243 • 0,943
0.1_3 i 0.636
0,074 0,445
0,040 . 0.258
0.010 z 0,108

2,41 0.012
5,26 0.036
8.33 0.087

11.36 0,160

14,99 i 0.278
18,23 0,466
14.17 0,251
10.63 0,140

I 8,17 [ 0,002
! 4.99 [ 0.032

i 2.?1 ! o.o13
i 2,44 0,012S.06 0,037

7.96 0.089
10,70 0,160
12,96 0,232

i 16.14 0.384
!3,14 0.239

: 10,63 0,156
' 7,31 0,074
i 4,51 0,030

2.49 0,012
i . J m

1g.94 0.074
40.46 0,209
61.S3 0,504
84.67 1,021

106.84 : 1.687
132.65 2.718

:107.25 1.721
84,47 1.011

i 61.77 o.319
• 40.38 0,211

18,77 0.071

0.51 22.62 I 0.0_3
14o 39.13 o.1.
2.30 ; 63.93 z o.555
3._8 : 84., i l.oz_

4.o_ 1o987 ix,c,
,.- ,129.sz z.ss_
3._ 1o6._I I._43
3.05 s2._z o.9_9
2.22 J 60.45 I o.4_s
1.48 ! 38.91 : o,193
0.?_ 19.2_ j 0.073

' 0.090
0.216
0.355

0.5610.793
! 1,148
i 0.832
: 0,590
: 0,387

0.230
: 0.097

0.I06
0,259
0.446

I 0.680

I 0.9371,335
0,950
0,692

i o,4s2
0,265
0,111

0.159
0.624
1.363
2,429
3.790
6.086
3.784
2.450
1.367
0.640
0,155

0.191
0.331
1,190

3._3_
4.?09
3.202
_.071
1,Z04
0,589
0.166

o.,z i 19.62 i o.o23 '0.2oa1.4_ 38.28 0.18_ i 0._33
2.26 59.76 t 0._'9 1._72

].0_ ! 12..l_ t 0,061 i _.986
3.9r, 'IOL43 ' 1.659 , 4,_?:

3.9a .105.4_ I._._! 4.'35

?3.3
76.0
82.7
33.3
82.2
10.6
?8.6

69,=
t 70,0

69.3
i 69.?
t 68.8
, 70,2

70.9

71.071.0
71.4I 709
67.6
69.3
71.6
72,9
73.9
73.6
72.6
72.3
72.2
71,S
?0.7

59,7
_}1,0
63,4
67.1
72.5
78.5
70.7
76.3

I I 73.l69.4
( 64.4

S8.S
63.9
66.5
67.7
68.4

0,3349 ; 68,4

68,S
68,4
68,3
(18.1
67,4

S7.3
56.6

i 33,4J, 57.7
, 61,1
' 0.3349 04.5
I 60.4

i 66.770.0
* ?0.7

t 71.2?2,3
• 85.S

I 86.0
' a3,9
J 82.1

0.3349 , Sl.2

398,9 I 110,5
398.._ i xn._
3_,3 i , :9.4
400.8 I . ;7.9

i

3*._A, (I flt,5
3P?.l i r,1.2

41)ll. _ ; _|..q | f',_ ] "*_.l

I

3.N4 ; An,Bit 0 93r;

2.:_ r, lJ. :S O,4Aq
1,4X I 3'_, a! (,. :,,:

.0. T':. i ,"0,07 O.P'$

1,:*.* I 13.14 ,_.:l _,

23; I _,'"'•' I" '*

I.l_, I I,,'. 12 l., _*

I..'1 Ilt,*,r

2, 't3n
' t. b't|
l 11.." t ._

r'. 2i._
._, "'_'

' *'(I '

".1 _1 i
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Grade Of

Wire Cloth

325 X 2300

TDDW

165 X 1400

TDDW

80 X 700

TDDW

-- l lJ

!

3C X 250

TDD_
o

FLOW RESZSTA_;CE OF TDDW I_IRE CLOTH

Fluid: Gaseous Heli_

i i

! iInlet! Flow SC_! AC_M
Press ' SCFM in" in"

psia i
i

|

1..40! 3.78 i 1.11
2.20 5.93 i 1.74
2.70 i 7.28 I 2.14
3.22 _ 8.69 I 2.55
4.55 12.27"' 3.61

__ n

5O

400

5O

400

i

Tare

_P

psid
i|

5O

400

5O

400

11.3

15.0

22.4

29.7
35.0

1.40

2.20

2.79

3.22

_.55

11.3

15.0

22.4

29.7
35.0

1.40

2.20

2.70

3.22

30.5

40.5

60.4

80.1

94.4

3.78

5.93

7.28

8.69

12.27

30.5
40.5

60.4

80.I

94.4

3.78
5.93

7.28

8.69

1.12

1.49

2.22

2.94

3.47

1.11

1.74

2.14

2.55

3.61

4.55 12,27

1.12

1.49

2.22

2.94

3.47

0

0.010

0.015

0.0215

0.030

0.025

0.045

0.09

0.17

0.19
i ,

0

0.010

0.015

0.0215

0.030

0.025

I 0.045
0.09
0.17

0.19

1.11 I 0

1.74 ; 0. 010
2.14 !; 0.015

2.55 , 0.0215
3.61 : 0.030

I I

NeC _P

psld

0.17

0.26

0.305

0.358

0.46

0.195

0.265

0.43

0.60

0.77

0.06

0.08

0.10

0.118

0.16

0.062

O.095

0.15

0.19

0.27

0.03

0.045

0.055

0.068

0.090

__m

Te_D

78

78

78

78

78

77
77
78
78
78

78
78
78
78
78

76
76
73
74
75

78

78

78

78

78

11.  0.5 i1 12 i 0.02 ! 0.045
15.0 , 40.5 1 1.49 _ 0.045 1 0.065

22,4 160.4 t 2.22 , 0.09 I 0.120
29.718o.1 2.94 t o.17 ; o.18o
35.0 ! 94.4 _ 3.47 ; 0.19_ 0.280

78 '
78 'o
78
78

o

78
T

i i 01.40 3.78 ! 1.1.1

2.20 _ 5.93 : 1.74 _ C.010
2.70 I 7.28 2.14 ; 0. 015

3.22, 8.69 2.55 0.0215

4.55 112.27

11.3 130.5
15.0 '40.5

22.4 } 60.4
29.7 ' 80.1
35.0 I 94.4

i

0.019

0.0255

0.032

0.040

3.61 , 0.030 ; 0.057
,, L , _ -- _q

1.12 0.025 i 0.033

1,49 ' i

0.045 0_050
2.22 I 0.09 0.105
2 94 1 0.17 0.160

" ;

3.47 _ 0.19 ] 0.272
I

77 i
77 i
77 I

77 i
77 '

, I

78 !

78



iI

w_

ml

i

iGrade of

Wire Cloth

80 X 40O

PDSW

TABLE B-§I

FLOW RESISTANCE OF PDSB WIRE CI_TH

Fluldz Gaseous Helium

Inlet

Press

psia

5O

40O

5O

T • , _

400

!

i
Flow . SCUM

SCFM i in

1.40
2.20
2.70
3.22
4.55

11.3

15.0

22.4

29.7

35.0

3.78
5.93
7.28
8.69

12.27

30.s
40.5
60.4
80.1
94.4

-L4o -_;7-8
2.20 5.93
2.70 7.28

3.22 8.69
4.55 12.27

I!_1.3; 3o:5_
15.0 I 40.5
22.4 i 60,4

29.7 I 80.135.0 ' 94.4
!

_.,..mm.m,,_a,L_

III I

1.11

1.74

2.14

2.55

3.61

_._-2

1.49
2.22
2.94
3.47

i

i.ii

1.74

2.14

2.55

3.61

1.12 "

1.49

2.22

2.94

3.47

85

Tare

_P
psid

t i

0

0.010

0;015

0.0215

0.030

0.025
0,045
0,09
0.17

0.19

O

0;010

0.015

0.0215

0.030

Her _P

psid

0.018

0.020

0.024

0.0265

0.037

Tem9
oF

79

79

79

79

79

o. 5IT" 78

[ o oz, i7.!0.030 _ 78

0.028 i 78
0 070 78

i "' 0 01

0.009

0.01

0.011

0.0145

_L

0_o25 o.oo2 _
0.045 0.002
0;09 0.01 I

_.17 -0.003 i

0.19 0.039 i

i 77
77

77

! 77
i 77

78

78
78
78
78

i

!

!

i

I
i

!

i

I

I

!
!
i

I

i

!
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1

 Low RESISTanCEOF 80

Test
NO.

39

psia ; In"

46,1
SO.S
49.9
48.0
47.4
47,4 0,3349
48.6
49,9 I

_BI,_ B-54

x 70_, TDD_f FLO_'ING GASEOUS HYDROGEN,

8__F.G--_2 • 30

'.3 I 2.SO
'.0 I 3.39

81i.6 4.26
8:i.7 5.09
8;.,6 4.25
8_,1 3.37

49.3 8 .8 2..
so.s ar.z 1.64
so.s .....___ j .6 .64
51.0 5E).s : .74

Tare

SCFH/in 2 _ Ppsld

6,99 ,013
5,41 ,009
8,21 ,017

10,72 .027
13J2
15,92
13,68
11,10

8,26
5,48
2,15

,041
,056
,042
,029
.017
,00g
,003

2,63

Net
AP

psid

.o311
,01Sl
.028
.043
.058
.07b
.058
,042
.030
,0!7
.OOS

.007 .021
i ,015 ,032
L .024 ,049

4O

41

42

43

44

49,7
49,1
47,8
47,1
47,8
47,8
49,1
51,0
50,3
S1.0

73,8
71,9
68,4
66,2
65.8
66,3

0.3349

0.3349

63,0 I 1,61
60,0 I 2,44

!60,0 I 3.27
60,2 I 4,04
60,4 I 4,94
_0,6 I 4,07
_0.9 I 3.26
41,1 I 2.40
41.4 I 1.58

__1,4 I .78
m

10.9 ] .66
_9o6 I 1,87
d9,6 2.33
_9,6 3,14
d g,0 3,93
_;0,2 4,74

3,8967.6
68.?
69,3
69.7

70,______3
396.4
397,0
396,4
393.9
394.5
394.5 0.3349
393.9
396.4
397.0
396.4
400.8

400.8 i
399,6 '
39g.6 i
399.6
401,5 i

402.1 i 0.3349
397.1
399.6 i
400,2 !

400.2 I
40._,7

395,3
395.3
397,8 I
396.s I
398.4 I

397,2 I 0,3349399.1

399.7 [

397.8
401.6
402.S

liOog
I I_0.9

:;0.9
;0.9
;1.5

81,4
79,2
7S,4
74,1
72.6

I 72.0
72.5
72,9
74,5
75.2

76,3
61,7
62,2
66.4
68.0
68,8
69.4
68,9

' 68,9
68.S
68.0
67,4

t

79,4

80,6
82.6
83,3
82.0
78.8
77,1

p 75.9

i _5.474.5
74.5

I

5.55
8.29

10.85
13,22
1C.37
13.47
11.08

8.46
5.52
2.75

2,26
5,27
7.88

10,67
13,20
16.34
13.53

.035 .065

.054 .080

.037 .063

.025 .048
.015 I .034
.007 .022

.oo__Lo  
,003 .002
.008 ,011
,016 ,017
.027 .026
.040 .036
,059 ,041
,041 .035

3,04 [ 10.54
2.27 I 7,88
1,45 I 5,03

.75 I 19.72
1,48 I 39,40
2.19 I s8.ss
3,03 80.59
3.71 99.18
4,34 116,01
3,79 101,03
3,01 $0.87
1,48 39.65
1.50 39.95

.72 19.50

,70
1.S1
2,15
2.99
3.78
4.48
3.75
3.01
2.18
1.44

,75

,76
1.4 _
2,13
2,97
3.75
4.50
3.74
3._2
2,16
1.51

.75

19.50
41.64
50.00
81.6?

103.55
122.$1
101.65

82.00
59.47
39,47
20.61

20,01
38.83
56,39
78.09
99.49

119.5o
100.32

81,3S
57.77
40.83
20,38

.027 ,029
,016 ,023
.008 ,017

,003 ,012
,016 ,016
.038 .046
,071 .08:
.125 .13_
.185 .19;
.249 .305
.193
,127
.03g
.039
.016

: .016
.042

' .072
! ,12g
i .202

.277

.195

.131
074

t:o38
.017

016

I O37
.007
.119

188
:265
.189
.12
.07
.03
.01

.195

.135 s

.045

.o46i

.014

.023

.070

.122_
.,207 1

.3151

.456i

.311_

,211 i.120

057!:015

.073 _

• 129 iI ,219
,3261
.471'
,327_
,22SI
,129
.072
,020
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SPECIFIC GRAVITY OF LIQUID OXYGEn

Temperature

(OF)

Specific

-349.4 1.236

-342.2 1.244

-333.2 1.221

-315.2 1.173

-306.2 1.150

-297.2 1.125

-245.7 0.961

-219.9 0.861

-201.4 . 0.767

-189.5 0.668

-184.3 0.594

Specific Gravity- -1.097528 - 0.01241266(°F)
-0.0000164187(0F) 2

Source: Design Data for Pressurized Gas Systems
Stanford Research institute

VISCOSITY OF LIQUID OXYGEN
i

Temperature Viscosity

, CoF) . ._ (cp)

-320.28 0.273

-315.6 0.250

-297.6 0.190

-259.8 0.123

-233.16 0.110

Vi_cosity(cp) - 1.2139 + 0.0095327939 (*Fj

+ 0.0000205387 (°F)2
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1.0

2.0

3.0

3.1

3.1.1

3.1.2

3.3

3.3.1

303.1.1

j ', : , I

TP-1

FLOW P,_IST&_.J TEST

SCOPE
emm_mumT_

This procedure describes the teet nethods.and equipment to be used in deternin-

£ng the flow resistance (pressure drop) characteristics of various filter media

An a liquid flow system. This procedure may also be used for determining the

flow resistance of filter assemblies.

TBSTLXOUXDS

Any liquid of interest may be used for testing.. However, special precautions

must be taken when testing with toxic'flannuble or cyrogenic liquids.

PROCEDURE
| -

General

The equipment schematic is shown in Figure 1.

When testing filter nedia alone, it is necessary to provide a holding fixture

or case to enclose the media sample. _llter assemblies may be connected direct-

ly into the test system.

Test Set-UP

The test item is instalYed in the test system with piezometer tubes attached

directly to the inlet and outlet ports of the test Item. The piezometer pres-

jure tap must be located at least four (4) times the tube inside diameter up-

stream and at least ten (10) times the tube inside diameter downstream of any

other connection using straight rigid lines.

pressure Drop Measurement

Gross Pressure Drop

With the test item installed in the system, start flow and slowly increase to

the maximum flow rate to be measured. It is essential that all air be driven _

through the filter medium to avoid "blinding" of the medium. To force air

through a fine screen, it t8 necessary to develop a differentlal, pressure

acros......_sthe scre..___e_in excess of the bubble-polnt pressure of the screen, Normal-

:Ly_ for media as fine as 5 or I0 microns average pore size, a differential
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I T .....

3.3.1.2

3.3.1.3

,,...

3.3.1.S

pressure of 2 paid with water and 3 paid vith hydraulic oil v_uld be required

to force all air through the media.

Set the flay at the maxin_ value planned for the test, allow to stabilize and

_c_rd the pressure difference between the upstrean and downstrean pressure taps.

i_peat the p_ese of stabLlisiog flow and re•staling pressure drop at a series

of at least five {S) equally divided steps. This will provide five plotting

points to provide a graph of flay rate vs. pressure dx_p. Here flow "steps"

throush the flow range yell provide more accurate plotting data.

_ter recording the pressure drop for the lowest fl_ point, increase flow in

• NrAen of steps in reverse order to. those selected in 3.3.1.3.

The pressure dr4_, vs. fl_ rate determinations recorded in 3.3.1.4 neat c_mpare

favorably (within '_;,e_NntatLon and meaeurenent tolerances) _:o those obtained

in 3.3.1.5. _tgher pressure drop readings obtained in 3.3.1.4 indicate progres-

sive clogging of the filter mj_ta and is a result of contaaina_Lon of the flow

system. It is essential that _.t upstream "slosh-up filter" be capable of re-

moral of all particulate conta_tnant vhich would be trapped by the test _tem.

3.3.2.2

3.3.2.3

3.3.3

3.3.3.1

Tare Pressure Drop

the total pressure drop measured in 3.3.1 includes the flow lines between

the pressure taps and the flow passage of the specimen holder or filter housing,

it in necessary to deten_ne the portion of total pressure drop contributed by

these items.

Remove the tested filter media frou the specimen holder. (If separable filte_

assemblies are being tested, reuove the filter element from the assembly).

Reinstall the empty holder or filter body in the test system exactly a8 instal-

led for the screen test.

Repeat the flow vs. pressure drop determination of 3.3,1.2 and 3.3.1.3 to deter-

mine thqJ pressure drop caused by the system and specimen housin;.

Determination of Net pressure Drop

Subtract the value of the tare pressure drop form the value of the gross pres-

sure drop to determtncJ th¢ pressure drop caused by the tested screen sample or

fil_er element.
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3.3.3.2 Xf the groan pressure drop and tare pz_nu=e dr_a vere recor4ed at different

fX_v rates, it An neoeaaaz7 to plot the data for each point, drav smooth curves

oonne_ag the pointa and read o_f t_e pr4Jj811rt dx_p8 c_rresponding to specific

_l_ i_:_J.ntl. 8ubtra_:Lcm of .taa:t 2L'_e g=0aa readings wtll pro_Ade data _tm

_r p_ottJ_l_4_J u|HJtu pE_taStLL_J 4_G_.

_DL

i|r

_i '_ i
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TI_2

C00R/d_4ANT _ AND TR/_qSKISSI0_ T_ST

1.0

3.0

SCOPB
m

This p_oaedurs defines • _thod of dster_Lning the =esultan. t £ncre•se in differ-

ential pressure •cross a filter medium at • specific flow rats of test fluid

ceused by in_ection of ©ontrolled mounts of test contoainant into the flow sys -_

ten upstream of the filter. In addition, by sampling the effluent fluid, th•

maxinwa size of particle transLttted through the filter may be determined •s

well •e the resultant conta_n•nt distribution in the filter effluent. The

test fluid must be specifl•d as well •s the est.-up and test contaminant. Re-

cults will vary using different teat fluids, contaminants, or cleanup filters.

BOOIPK_

The schematic of • typical test system i8 shown in Figure I.

TEST V_RIATIONS

Clean-up Filter8

The ache_tt.tc of Figure 1 shows • clean-up filter installed upstream of the dust

• ddi_ton valve. The test may be run with or without • clean-up filt•r in the

flow circuit.

Whether or not the _._lean-up filter is in the cirowit depends on the end usage

of the filter being tested. If the unit is to be used •8 the main (mass) fil-

ter in • rscircul•ting hydr•_ali¢ system with return reservoir, the clean-up

filter should be by-passed during the teat to simulate actual system conditions.

If tJm filter end usage is in a propellant or gas system where fluid passing

through is expended, • clean-up filter must be in the-circuit during test.

The reason fo_ the _bovs variation in test Jet-up i8 that in • recirculet_ng

system, fine particles that nay initially pass through the clean filter will be

carried by the rscirculating fluid and he brought hack to the filter that has

bocoum partially clogged and operates as a finer filter than when in the clean

condition. The fine material will now be trapped adding to the pressure differ °

entisl across the filter.

In • non-recirculating system such as gas pressurization or propellant, the fluid

end particles that once pass through the filter are expended and cannot return.

_he clean-up filter must effectively trap these fine particles in order to Jimu-

119
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3.2

4.0

4.1

4.2

la_ the operating conditions of non-recirculating sys_.

The test z_poz_ must specify the type and rating of the clean-up filter if

wed during the_ teat.

_ontm_tnsnt &ddition _tetheds

Test contanlnant nay be added c_ntinuously or in a series of lnc=enental adds,

No_ally, a LLnLnma of _lve (S) adds an required at a nax_ time interval of

four (4,_ alnutes each.

The oon_talnant used tar tes_Lng may be varied, but the specification or part-

lcla else analysis of the test contaminant must be recorded together with batch

nether, lot ntmber# etc.

P.ROCEDURli

_atem Pressure Drop (Tare_

With the clean-up filter in the circuit, establish flow

until it 18 deteralned to be clean.

and sample the fluid

Install the test specJJen or the filter housing with no filter mdta and estab-

lish flow at the specified flow rate. Record pressure drop between the pressure

tape. This is the =tare" pressure drop and represents that portion of the total

or "gross" pressure drop contributed by the flow lines and screen holder or fil-

ter housing.

Gross Pressure Drop

Install the filter medina to be tested An its holder or the clement in its hous-

ing and es_lish flow at the specified flow rate.

The clean-up filter may be left in the circuit or by-passed depending on the

type of teat being conducted (See Paragraph 3.0).

Test contaminan_, pre-weighed in Individual containers or fed frc_ a continuous

injection system is added through the d_et valve or injection mechanism without

_hanglng flow rate. It is necessary to control flow rate _y ad_ust_uent of the

throttle valve as the differential pressure rises across the test specimen.

After each incremental additAon, observation of the differential pressure gage

wall indicate atabllizaticm of pressure drop. Each addition will cause an abrupt

increase of pressure drop followed by • slight rise as _he contaminant s3ttles

into the filter medium. After stabilization occurs, the next incremental add

1'20



4.3

4o4.1.1

4.4.1.l.l

inn ads and this process is repeated until the desired amount of contaminant

is injected or the desired differential pressure is reached.

After each incremental addition of contaminant and stabilisation of pressure

d£ffez_ntial, record the amount of contaminant added, the time of addition, the

flow rate, pressure drop and temperature of the test fluid_

Net Pressure Drop

The net pressure drop of the fil_er medium is determined by subtracting the

• tare" pressure drop at the specified fluw rate from each of the gross pressure

drop reading ! obtained in 4.2.

T_annip.ion Tes__t

Test Variations

The _tst nay be conducted by continuous samplin9 _f filter effluent or inter-

eltt_t sampling.

Continuotm Sample

A8 shown in Figure 1, • sampling port and membrane filter holder is located

downstream of the test specimen. During the entire tolerance capacity test, a

onntinuoo8 s_ple of effluent fluid i8 withdrawn and filte_ed through the in-

ple_me_rane filter. The detailed operational procedure is as follows:

a) Bst_lish flow through the system at the desired flow rats with the test

specimen installed. Open sampler shut off valve.

b) With • 3.0 nlcron or finer ,_mbrane filter installed in the membrane filter

holder at the sampling port, begin flow through the membrane filtpr of at

least S0 ml per minute. _rovide a container at the dovnstream side of the

m m sbrans filter to collect the sample effluent. Control sample flow rate

by means of sample flow control valve.

c) Conduct contaminant tolerance test in acuordance with paragraph 4.2.

d) At the conclusion of the contaminant tolerance test, remove the membrane

filter holder from the syste,,a_d examine microscopically in accordance

with the procedure of SAE ARP 598 to determine the largest particle trans-

mitted and/or the particle size distribution of the sample.

e) Record largest particle and/or particle distribution, flow rate, tempereturu
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toq_l _tue of test, test fl_d, toUl volu_ of eample_ and _ of

mm_e_tu_nt utah

ZnterLtttant Test .

The test 18 begun as in step (a) of 4.4.1.1.1e ex_pt that flow_ td_ough the

mempler £s started 10 to 15 seconds prior to the first contaminant addition

and salple flow is stopped one (1) n£nute 8fter each Conta_tnant add is nade.

a) With nembrane filter installed as £n step (a) of 4.4.1.1.1, eeta_lish

eyetel flOw at desired raw and open smzpler shut-o'f valve.

b) l0 to 1S seconds prior to the first contaLthant ad,, open the saapling

fit t ten.el valve and begin sample flow through the n_mbrane filter at

50 roLl/minute min_um.

C) Nake first aontan£nant add.

d) One _Lnuts after the fi_st add, close sample valve.

e) Open sample valve 10 to IS seconds prior to each out.saLve _ntaninant

add and close one m_nute citer each conta_nant add.

f)

g)

If contan_nant is added at approx£nately one (1) to two (2) n_nute in-

tervals or if • continuous addition system is uded, the sample valve

may be.left open throughout the entire test.

Remove the filter membrane holder and examine nicroscopically for largest

perticle else per SAE aRP 598.

Record largest particle size, test fluid, flow rate, nun_er of contaminant

adds, teaperature, total weight of contaLinant added, and type of contaminant

uee_.
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DIWIILOPm_t OF A ¢OI_IHUO_Ii ¢OillT_lt_l_ ADDBR

X,ttV_ltOiXl_'_l,XOtl

_s, noted in _, section c_ cont_nant _oleran_e feints in,Volume Z, the L_ipic_l induo-

Mthod of eddillg contmzLnant consists of opening the system at jcme point upstre m

" nellie of o_tud.nent and by manipulating.
of _ test specie•n, adding • preweighed

valves, allOwing the contaminant to m£x wlth _o. flowing fluid. As this method re-

quires opening the system, it is £wpraQtical for use with toxic, fla_ble or cryogenic

fluids.

Onder this contract, • device was developed which continuously •dds dry conca_tn•nt.at

• consistent and controllable rate to • flowing fluid system. ¢ontin_us addition pre-

cludes the necessity of opening the system tO" add increments o_ contaudnant and the_e-

by allows contucLnant tolerance tests to be conducted with c_yogenic systeas. Fur_ne_-

mom_ the smooth continuou_ in_ec_-ton of cent sIn•nee closely represents conditions

existing in actual f_uld syoten_.

The _onta_tnant adder assembly shown in Figure 1)-1 run.lens ks follows. A variable

Ol_edDCmotor (l) operating through • IISVAC speed control :states the cowling (9).

As the coupling re,ares, it advances the 8haft (7) vh£_. is threaded into a fixed cylin-

der. assembly (8)* A_ the abaft (?) _otate8 and advances, the piston (3) •leo rotates

and advances thereby.forcing the continent placed above the scraper (17) forward. By

means of • pinned assembly, the shaft (7) also rums the sleeve (28). By thus rotat_Lng

the shaft (?) and the sleeve (28), the cent•sin•n• is advanced while rotating. _s

the contaLtn_nt contacts the wedge (19), it drops into the vertical hole of the body

(14). l_t_Lt SWitcheS (11) _eprovided to preclude "botto_tng out" of components in

either direction. The mount (25) attaches-the body (14) and internal components to--

the vacuum chamber wall and also provides • secondary sealing provision to assure that

if leakage occurs past the seals of t_e piston (3) or sleeve (28), the leaking fluid

will be vented to atmosphere by means of • line from the mount (25) through the vac-

uum chamber wall. This is • safety feature only, as leakage of gas from the ullage

chamber can allow the liquid level to rise and wet the contaminant. A special tool was

designed to facilitate removal of the piston (3) and s_eeve (_8) assembly at the end

of _e test run. The tool miss assures that no contaminant will fall out during removal.

The principal feature incorporated into the conta_tnant adder design ik the relatively

long vertical hole in the body (1) which serves 88 • controlled ullage cce_art_nt. Its

function is to maintain the con•eminent in • dry condition throughout _te test.
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yl_a=e D--2 shoo a siaplifiod sche:atic diagram of a typical "blow down" systea using

the continuous ad_er. Prior to beginning the test, shut off valve #1 upstream of the

adder and the flow - control valve and. sh_t off valve #2 downstream of the test speci-

_n are closed. The gas port in the adder Is then pressurized to. rams:volt pressure.

At this time, only gas (helium for cyrogenio testing) is contained, lnthe system between

the shut off valve and the downstream fl_m_ control valve.

With the isolated contaminant adder pressurized to system pressure, the gas pressuriza-

tion shut off valve upstrem of the adder is closed and the fluid shut off valve |I is

opened. No flow occurs, as the syst_ is at balanced pressure. Shut off valve %2 is

opened and the flow control valve is slowly opened allowing fluid to enter the adder

below the ullage chamber. Back pressure is maintained "with the flow control to avoid

expansion of the gas in the adder ullage chamber, and flow is set to the desired rate

with the flow control valve. The adder motor drive is energized and the test commences.

R_ contaminant is added, the pressure differential across the test specimen rises, and

the flow control valve gradually opens to maintain the set flow rate. The flow control

valve is not essential to the test, as flow rate can be controlled by manual manlpula-

_on of valve #2. It is essential, however, that all flow adjustments be accomplished

very slowly to avoid a sudden drop in pressure downstream of the adder which will in

t_m c_use the gas in the ullage ohambe_ to expand and be lost in the fluid stream.

3.0 TEST pROGRA_

Tests wexe conducted on the prototype assembly by measuring the amount of contaminant

added by weighing the sub-assembly composed of+items 3, 12, 13, 17 and 28, first

empty, then with AC Coarse Dust compressed into the h_=rel of item 28. After the test

was terminated, the sub-assembly was again weighed. Subtracting the post-test weight

fr_a the pre-test weight provided an accurate means of determining the total _mount of

_ontamlnant addition. Table D-I shows the weight of contaminant contained in a fully

loaded injector. The injector was emptied and reloaded ten tlme_. A 0.25 inch diameter

rod weighing I0.8 grams was used to tamp the contaminant into the un:_t. Light compac-

tion was achieved by using the weight of the tamping rod alone for compaction, whereas

heavy compaction could be felt. The tests indicated a high degree of repeatability of

injector loading.

Further tests were conducted measuring the amount of AC Coarse contaminant introduced

into the system by the assembly. The contaminants were observed to be _ontinuously

introduced. At 15 second interval,, readings were made of the Weight of contaminant

deposited on a pan balance. Table D-2 presents the data and Figure D-3 shows the
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q'P,BL.._ D-1

REPEATABILITY OF DIRT ADDER INJECTOR LOADS

Test No.

Net Load
mg

Compaction: 10.8g with 0.25 diameter rod

Weight o£ Empsy Injector.- 17.S929g

Average Loadp ms. - 729.9

* Maximum Deviation, t: 1.3
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T_D,BI_ D-2

CONTINUOUS CONTAMINANT ADDER LOAD. PATE TESTS

Time m
$oc

_a_m_mm_

0
15
30
45
60
75
90

105
120
135
150
165
180
183
186
187

Total Run. sec.

Dirt
Add,

mg

ammm_mmmmmma

0
13.6
67.9
80.6
68.2
71.2
72.6
68.0
68.9
71.8
63.7

i

152.0

Test Run Number

0
13.6
81.5

162.1
230.3
301.5
374.1
442.1
511.0
582.8
646.5

798.5

183

798.5

Dirt
Addj

ng

0
47.6
62.5
49.4
63.8
52.7
58.3
52.6
56.9
50.7
58.9
55.0

i

I

46.5

2

Accum
Add

mg

0

47.6,
118.1
159.5
223.3
276.0
334.3
386.9
443.8
494.5
553.4
608.4

el,

am

6S4.9

186

654.9

4.4

Heavy

3.5

Light

3

187

666.7

3.6

Light

t

1_0
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¢o_t_BELnant addition plotted versus time. The greeter compaction affects the rate

of _nt_In_n_ addition, but dots not change the llnearity of addition.

It ©an be 8san that as much as 800 mg of AC Coa_os contaminant can be continuously

added in approximately 3 minutes duration when operating the motor at 3.8 x_a. This

exceeds the normal ¢ontaninsnt weight used in moot contaminant tolerance tests and

should be adtduate for any future tests using the same screen area.

Since these tests showed an excellent degree of repeatability, a micrometer was incor-

porated into the drive shaft to permit determination of total contaminant added by

reading the stroke of the piston. This provides an optional means of determining total

contaminant added. The preferred method would be to merely time the operating duration

of the test run and refer to Figure D-3, or equivalent, to read the corresponding accumu-

lated contaminant. Since _ontamlnant tolerance tests usually are zun until a given

(e.g. 50 psld) pressure drop is achieved, the duration of the test 18 recorded as the

pressure drop across the medium rises. Alternatel¥_ the output signal of the motor rpm

and a differential pressure transducer can be connected to an X-¥ or strip chart recorder.

The device was installed with associated piping into 8 large vacuum chamber end shipped

tO the NASA White Sands Test Facility for use in contaminant tolerance tests with czyo-

genl_ fluids. Figure D-4 shows the continuous contaminant adder assembly installed in

the vacuum chamber with the associated plumbing attached. All components shown were

assembled and shipped with the vacuum chamber to NASA WSTF for cxyo_enlc testing. The

achonatlc arrangement of the cryogenic test equlp_ent is shown in Figure D-5. Addltional

tests were conducted at WSTF, but the results were not available at the time the contract

was completed.
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